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1. Introduction 
Worldwide almost 25 million patients have been diagnosed with cancer in 2017, 
approximately 10 million patients have died because of their cancer disease. [1, 2] 
Overall, men are to a little extent more likely to be diagnosed with invasive cancer 
during the course of their life than women [3], another source reports about a 20% 
elevated incidence rate in men when comparing all sorts of cancers. Worldwide 
cancer death rates are similarly up to 50% higher for men compared with women. 
In conclusion about 20% of men and 17% of women will develop cancer during 
their lifetime whereas 12.5% of men and 10% of women subsequently will die 
from the disease. [2] 
Approximately 3 percent of estimated new cancer cases in 2020 have their origin 
at oral or pharyngeal sites, whereas 72 percent of those cases afflict male 
individuals. Nearly 1.8 percent of estimated cancer deaths in 2020 are related to 
oral or pharyngeal cancer, of which also 72 percent are male patients. [3] 
Incidence of developing cancer at sites of the oral cavity and pharynx in the United 
States is increasing among 29–49 year-old men (1.2%) and women (0.7%). [4] 
Global new cancer cases and deaths related to sites of the head and neck are 
displayed in Table 1. 
Table 1: Global new cases and deaths in 2018 resulting from sites of the head and neck  
 New Cases Deaths 
Lip and oral cavity 354,864 177,384 
Nasopharynx 129,079 72,987 
Oropharynx 92,887 51,005 
Hypopharynx 80,608 34,984 
Source: [2] 
Survival rates for patients suffering from squamous cell carcinoma of the head and 
neck have not improved during the past fifty years regardless of major advances 
in oncology. [5, 6] Therefore, research on prognostic biomarkers for more 
individual treatment schedules remains mandatory to improve overall prognosis 
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for patients. This study examines the effects of radiation therapy on lymphocyte 
subpopulations during the course of treatment with irradiation as well as the 
prognostic capabilities of early activation marker CD69, immune checkpoint 
receptor PD-1 and its ligand PD-L1. 
1.1. Squamous cell carcinoma of the head and neck (HNSCC) 
Head and neck cancers emerge from parts of the upper aerodigestive tract:  
The lip and oral cavity, nasal cavity and paranasal sinuses, oropharynx and 
hypopharynx as well as pharynx and larynx. Cancer can also arise from major and 
minor salivary glands and lymph nodes of the head and neck. [7-9] About  
90 percent of head and neck cancers are squamous cell carcinomas. [8] This typical 
type of head and neck cancer has its origin in the surface squamous epithelium of 
the mucosal lining and is categorized as malignant. [8-10] Epithelial malignancies 
of the head and neck show a heterogenous behavior. [9] HNSCC takes seventh 
place regarding cancer-related deaths, survival rates do not seem to have 
improved over the course of half a decade. [5, 6, 9] 
1.1.1. Risk factors 
Smoking and alcohol consumption 
Since as early as 1988, alcohol and tobacco consumption have been well known 
risk factors for the development of HNSCC. [11] With almost three quarters of all 
cancer diseases of the upper aerodigestive tract being related to tobacco and 
alcohol consumption, smoking and drinking alcoholic beverages are the major 
contributors. Almost 30% of cases are linked to solely smoking whereas only about 
1% can be related to alcohol alone. [12] Alcohol possesses carcinogenic 
capabilities due to enzymatic reduction to acetaldehyde, mucosal sites of the 
oropharynx and hypopharynx are especially at risk for cancer induction. [13]  
For nasopharyngeal carcinomas, risk increases for men who start smoking at an 
earlier age, smoke more cigarettes per day and have a longer history of smoking. 
Risk is highest for men with a history of daily smoking of more than 30 cigarettes 
over the course of more than 30 years. History of smoking is often measured in 
cumulative pack-years. [14] 
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When tobacco and alcohol consumption occur combined, the risk for HNSCC at 
various sites increases tremendously, especially for cancers located in the oral and 
pharyngeal area. [12, 13, 15] This can be explained due to a better permeation of 
carcinogenic tobacco components such as nitrosamines, aldehydes and polycyclic 
aromatic hydrocarbons into mucosal cells after solvation in alcohol. [13] Smoking 
and consumption of alcoholic beverages have a stronger negative effect on men 
than women (see Table 2). [11]  
Table 2: Increased risk for oropharyngeal cancer according to cigarette and alcohol consumption  
 OR for Men  OR for Women 
Heavy smoking 7.4 - 
Heavy drinking 5.8 0.0 
Heavy smoking and 
drinking combined 
37.7 107.9 
Source: [11] ; Heavy smoking is defined as 40+ cigarettes per day for more than 20 years, heavy 
drinking is defined as 30+ drinks per week. OR = odds ratio. 
Usually, patients are older than 45 years when diagnosed with HNSCC in 
relationship to tobacco or alcohol consumption. [15]  
Also environmental tobacco smoke is recognized as a proven risk factor for HNSCC; 
direct smoke from cigarettes and alike as well as exhalations of smokers are 
categorized as environmental tobacco smoke. [16] For example, living with an 
active smoker – either as a child or as an adult – is correlated with increased risk 
for nasopharyngeal carcinoma. [14] 
After quitting smoking for more than 15 years, smokers can reach risk ratios of 
never smokers. Even after abstaining for 2 to 14 years, risk for oral cancer 
decreases to a large extent. [13, 17]  
Other risk factors have an important role in the development of head and neck 
cancer in Europe. [12] One fourth of HNSCC cases cannot be attributed to smoking 
or drinking alcoholic beverages. [15] 
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HPV 
Worldwide human papillomaviruses (HPV) are cause of annually more than half a 
million cancer cases in women and 60,000 cancer cases in men. With cervical 
cancer, anogenital cancer and head and neck cancer, three major cancer sites can 
be related to HPV infection. 38,000 of these annual cancer cases develop in the 
region of the head and neck. Especially cancer incidence in the oropharynx is 
accounted to HPV, approximately one third of oropharyngeal squamous cell 
carcinoma is caused by HPV infection. [18] Also, HPV-caused cancer cases in the 
oral cavity and larynx occasionally occur (less than 4%). [18, 19] The number of 
oral infections with papillomaviruses causing oropharyngeal cancer is accelerating 
in several countries, especially in male individuals. [20] 
Most HPV-caused oropharyngeal squamous cell carcinomas are positive for 
HPV16, whereas HPV18, HPV33 and HPV35 can be detected as well as HPV6, 
HPV11, HPV31, HPV45, HPV52 and HPV58. [18, 19] Together, HPV16 and HPV18 
constitute 85% of head and neck cancer cases caused by human papillomaviruses 
and are referred to as high-risk HPV types. [18, 21] 
Worldwide, cancers attributable to HPV infection vary vastly, with highest HPV16 
prevalence in the United States, moderate prevalence in Europe and lowest 
prevalence in Brazil. [19] Concludingly, more developed countries are more prone 
to HPV-related squamous cell carcinoma of the head and neck, whereas incidence 
in developing countries is lower or not known. [18] In western countries 
oropharyngeal cancer has increased three-fold, affecting younger patients who do 
not particularly smoke or consume alcohol. [22, 23] 
Genomic analysis reveals that HPV-positive tumors differ biologically from  
HPV-negative tumors. [24] Prophylaxis via HPV vaccination could prevent a large 
amount of cancer incidences caused by HPV, including squamous cell carcinomas 
of the head and neck. [18, 19]  
Other risk factors 
Oral microbiome: Large quantities of Corynebacterium, Klingella as well as other 
genera and species can be related to reduced risk for HNSCC, especially when 
HNSCC is linked to smoking and laryngeal cancer. [25]  Also, S. anginosus – 
Introduction   17 
 
predominantly located in dental plaque and the gingiva – is often detected in 
patients with oral squamous cell carcinoma and might be linked to HNSCC 
carcinogenesis, though those malignancies cannot solely be attributed to  
S. anginosus infection. [26-28] 
Oral lichen planus (OLP): These premalignant lesions caused by chronic 
inflammatory medical conditiocmns have been suggested to promote malignant 
transformation to HNSCC in about 5 of 100 patients whilst causes therefore are 
unknown. Particularly, erythematous erosive lesions show progression to  
cancer. [16, 29] 
Diet: Frequently consuming fresh fruits and vegetables supplies the body with 
antioxidants which decrease the risk for malignancies of the head and neck as well 
as contribute to preventing mucosal damage due to oxidative stress caused by 
smoking and/or alcohol consumption. [13, 16, 30] When consumed frequently, 
carotene-rich vegetables such as fresh tomatoes, carrots and green peppers might 
be the most valuable contributors of protecting antioxidants and show a risk 
reduction of oral and pharyngeal cancers. [16, 31] Eating preserved meats with 
elevated nitrite levels more frequently increases the risk for undifferentiated 
nasopharyngeal tumors. Supplementing the body with more vitamin C reflects a 
decreased risk for differentiated squamous cell carcinomas, mostly for  
non-smokers or ex-smokers. [32] Preferring fish and oil over meat and butter 
might also have protective qualities. [33] 
Gastroesophageal reflux disease (GERD): It has been suggested that GERD might 
be causal to squamous cell carcinoma of the larynx and pharynx due to permanent 
mucosal damage caused by gastric fluids arising from the esophagus. [16, 34-36] 
Rate of diagnosing GERD is doubled for patients suffering from cancers of the 
larynx and pharynx compared with healthy individuals. The risk for laryngeal and 
pharyngeal malignancies is twice as high with a condition of GERD, though only  
5 to 14 percent of laryngopharyngeal cancers can be linked to GERD. [36]  
Epstein-Barr virus (EBV): Over 90 percent of grown-ups are infected with this 
herpesvirus, which persists life-long. [16] EBV has been linked to a number of 
cancers, also in the aetiology of the development of nasopharyngeal carcinoma 
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EBV might have its part. Depending on geographic variability, nasopharyngeal 
carcinoma due to EBV develops decades after first infection. [16, 37]  
Genetic conditions: Some persons are genetically more susceptible to mutagens 
than others, this could possibly display an independent risk factor for occurrence 
of HNSCC in close relatives. [16] Patients suffering from Fanconi anemia – an 
autosomal recessive condition – have a remarkably elevated risk for several 
malignancies including cancer of the head and neck, particularly in the 
oropharynx. [16, 38] Fanconi anemia patients become diseased at a young age 
with HNSCC displaying aggressive behavior. [39] 
Occupation: Exposition to i.e., wood dust, solvents, paint and asbestos might have 
an influence on the development of HNSCC in the larynx and oral  
cavity. [16, 40, 41]  
Socioeconomic status: Most risk factors are observed in correlation to 
socioeconomic status. 75% of HNSCC patients have a lower socioeconomic status 
measured by income and education. Additionally, they are more likely to be prone 
to established risk factors as tobacco and alcohol consumption, poor diet and  
oral hygiene. [13, 42, 43]  
1.1.2. Clinical symptoms and diagnosis 
Clinical symptoms 
Clinical symptoms may vary depending on the site of the tumor. In general, neck 
disease is often observed in relation to HNSCC. [13] Neck disease includes 
symptoms such as nonhealing ulcerative lesions, dental infection and a neck mass 
as well as dysphagia and odynophagia. Further signs at presentation might include 
sinus congestion, globus pharynges, headache, epistaxis and hemoptysis. [44] 
Signs often only occur with extensive tumor volume. Common clinical symptoms 
of various sites of HNSCC are collectively displayed in Table 3. [13, 44, 45] 
When HNSCC progresses, systemic symptoms such as weight loss, fatigue, debility 
and changes in neurocognitive behavior might occur. Further, secondary medical 
conditions such as aspiration pneumonia and obstruction of airways are possible. 
Symptoms that typically accompany HNSCC can be confused with benign illness, 
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i.e. sinusitis or bacterial pharyngitis, and lead to a delay of diagnosis. [44] 
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Source: [13, 44, 45] 
Diagnosis 
A thorough physical examination including palpation of the head and neck is 
conducted after anamnesis. As a next step, work up of HNSCC mainly consists of 
imaging techniques. [23, 46, 47] The purpose of imaging techniques is to 
determine the extent of the tumor, to rule out distant metastasis or another 
primary tumor. [44] Most of the times computed tomography (CT) is the chosen 
imaging method, but also magnet resonance imaging (MRI) can be selected. MRI 
is especially contributing to the imaging of cancer of the nasopharynx and 
advanced cancers of the larynx. Combined PET/CT scans might be helpful in the 
diagnosis of advanced stages while endoscopy might be a useful asset for early 
diagnosis. [23, 46, 47] Narrow band imaging (NBI) might be helpful to distinguish 
malignant from benign lesions when used by appraised endoscopists. [47]  
An X-ray of the chest aids to the assessment of distant metastases in this  
area. [45, 46] Moreover, a biopsy under local or general anesthesia with 
histopathological classification is often helpful for diagnosis. [45, 48] 
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The stage at diagnosis has relevant prognostic value on treatment success. [13]  
In almost half of HNSCC cases, the cancer has already progressed to an advanced 
stage until diagnosis. [49] In particular, cancers of the oropharynx and 
hypopharynx are presented at a late stage with nodal metastases. [45, 50] 
Therefore, the disease is often not curable with therapy and patients often 
experience recurrence or distant metastasis. [49] 
1.1.3. Localization, metastasis and staging 
Localization 
Cancers of the head and neck mainly arise from following parts of the upper 
aerodigestive tract [7-9]: 
lip and oral cavity 









Around three quarters of squamous cell carcinomas in the oral cavity are located 
either in the floor of the mouth, the tongue or the retromolar triangle. The 
localization in the ventral part of the mouth might be reasoned by carcinogens 
which primarily gravitate to the mucosal area of the mouth. Oropharyngeal 
tumors are mainly detected in tonsils or the associated fossa, additionally they can 
originate from the base of the tongue. Cancer of the minor salivary glands is found 
on the lateral wall of the pharynx as well as on the surface of the soft palate. [45] 
Regularly, head and neck cancers behave relatively predictable. Tumors preferably 
spread locally and regionally. With increasing nodal enlargement and 
extracapsular extension HNSCC is more likely to disseminate with the blood 
stream. Distant metastases are not commonly detected which has a positive 
impact on treatment and prognosis. [23] 
Metastasis 
Since HNSCC patients tend to experience locoregional recurrence, a second 
primary tumor or even distant metastasis, almost every second patient will die in 
the following 5 years after diagnosis. [51] Almost 90% of patients with distant 
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metastatic spread are diagnosed within the first and second year, even with 
adjusted treatment median overall survival time clearly averages under  
1 year. [52, 53] 
Usually, patients are already suffering from advanced disease with metastasis to 
the lymph nodes; only every third patient is diagnosed with HNSCC at an early 
stage. [51] Diagnosis at an earlier stage is related to a better prognosis, nodal 
status can be identified by histopathologic examination. [51, 54] 
Metastasis commonly begins by spreading to lymph nodes in the head and neck 
area, most probably the cervical lymph node is affected by regional  
metastasis. [51, 54] Smallest detectable size of metastasis is a diameter of 2mm, 
especially primary tumor sites of lip and tongue can be related to enlarged cervical 
lymph nodes. [54] Also, the depth of tumor invasion and degree of differentiation 
is directly related to nodal metastasis in the neck. [55] Tumors with poor 
differentiation are correlated with inferior distant control, whereas distant control 
is better for HPV-positive oropharyngeal squamous cell carcinoma compared with 
other types of HNSCC. Furthermore, increasing N classification in the TMN staging 
system as well as extranodal extension are negative factors for the emergence of 
distant metastasis. [52]  
Distant metastases can commonly be detected in the lung, liver, bones,  
lymph nodes, pleura and skin. Less frequently they spread to the adrenal gland, 
pancreas, brain, omentum, spleen and soft tissues. [52] 
Staging 
Defining cancer stage is a basic component of cancer care worldwide. To ensure 
consistent staging, the American Joint Committee on Cancer (AJCC) staging 
manual describes guidelines for the staging of tumors – including malignancies of 
the upper aerodigestive tract. [7] The foundation for cancer staging is the TNM 
classification system which was first published by the Union for International 
Cancer Control (UICC) and united with the AJCC staging system in 1987 [56]:  
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T N M 
“tumor” “node” “metastasis” 
size of primary tumor 
existence and scope of 
affected regional lymph 
nodes 
existence of distant 
metastasis 
 
Nowadays, TNM stage classification is composed of clinical and pathological data 
leading to a clinical TNM (cTNM) and a pathological TNM (pTNM) system. [7] The 
current eighth edition of the AJCC staging manual includes three separate chapters 
regarding head and neck cancers: nasopharyngeal cancer, HPV-positive 
oropharyngeal cancer and HPV-negative oropharyngeal cancer, to take the 
multitude of malignancies into account. In recent years research has led to 
significant changes in the scientific comprehension of HNSCC development and 
behavior. Thus, the prognostic relevance of newly validated cancer characteristics 
is taken into account. [7, 57] For example, if either p16 can be detected by 
immunohistochemistry or presence of high-risk HPV-DNA is confirmed, the tumor 
is designated as HPV-positive. HPV-positive squamous cell carcinoma of the 
oropharynx is connected to a better prognosis than HPV-negative tumors, leading 
to a mandatory test for p16 for oropharyngeal squamous cell carcinoma. [57, 58] 
Furthermore, involvement of cervical lymph nodes negatively affects the 
prognosis. [54] 
1.1.4. Tumor microenvironment 
Beside malignant tumor cells, cancer consists of various additional non-malignant 
cells located in extracellular matrix (ECM). These surroundings are labeled as the 
tumor microenvironment (TME). [9] As early as in the 1970s, research stated that 
the development of a tumor cannot be linked to the genes alone but is also 
affected by factors such as the primary environment and angiogenesis. [9, 59] 
Cancer cells interact with the tumor environment in which they are embedded - 
for instance by secretion of soluble factors. In order to prevail, tumors are able to 
create a microenvironment with immunosuppressive characteristics which 
enables tumor cells to escape detection by the patient’s innate and acquired 
immune system, mainly interfering with the function of T cells and presentation 
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of antigens. [9, 60] Furthermore, it has been suggested that the inflammatory 
process taking place in the tumor microenvironment has an unfavorable impact 
on tumor growth and disease progression and suppresses the patient’s immune 
system. [9, 61] The extracellular matrix (ECM) for instance provides cytokines, 
chemokines and growth factors and influences the tumor cells mechanically. [9] 
Cell types constantly found in the tumor microenvironment (TME) [9]: 
vascular 
endothelial cells 
pericytes myofibroblasts specialized cells 
depending on 
cancer site lymphatic 
endothelial cells 
fibroblasts 
adaptive and innate 
immune cells 
 
HNSCC cancers show a broad spectrum of immune infiltration. For instance,  
HPV-positive HNSCC shows different immunologic behavior. In the oropharynx 
elevated levels of T cell infiltration as well as activation of the immune system can 
be detected; these findings align with the predominant localization of  
HPV-positive HNSCC at oropharyngeal sites due to the high proportion of lymphoid 
tissue. [62] The higher levels of immune infiltration in HPV-positive HNSCC might 
have a favorable prognosis on tumor clearance after radiation therapy. [63, 64] 
Smoking of tobacco can be linked to local suppression of the immune system as 
well as to a decline of cytotoxic effects within the tumor  
microenvironment. [62, 65] Lower immune infiltration can be associated with a 
higher risk of locoregional recurrence as well as declining overall survival. 
Dysfunctional T cells with multiple defects regarding activation and function can 
be identified in circulation and tumor infiltration. [60]  
1.1.5. Therapy 
For squamous cell carcinoma of the head and neck different treatment options 
exist, combining modalities like surgery, chemotherapy and radiation therapy. 
Choosing the adequate therapeutic option for each patient is dependent on the 
stage of the disease and site of the primary tumor. While either surgery or 
irradiation are sufficient for malignancies at an earlier stage (stage I and stage II), 
locoregionally advanced cancer (stage III or stage IV) is treated by combining 
chemotherapy with surgery and/or irradiation. When metastatic spread has 
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occurred or after initial irradiation the locoregional recurrent tumor cannot be 
resected, the modalities are combined for palliative therapy. [9] After performing 
a neck dissection, lymph nodes of the head and neck can be assessed to identify 
the patient’s risk for neck disease. When nodal disease can be identified, patients 
undergo radiotherapy or chemoradiotherapy. Chemoradiation therapy is 
indicated as a primary or neoadjuvant therapeutic option when addressing 
metastases or tumor invasion in adjacent structures. [66] 
Usually, chemoradiation therapy combines radiation therapy from  
70 to 100 Gray (Gy) and platinum-based chemotherapeutic agents such as 
carboplatin or cisplatin. [66, 67] Since HPV-positive HNSCC has a favorable 
prognosis, treatment de-escalation for HPV-positive tumors is discussed to lead to 
a reduction of acute and long-term side-effects caused by irradiation. [48] 
Cancer cells differ in their molecular characteristics from healthy cells. By 
identifying those differences, suitable targets can subsequently be addressed in 
therapy to induce cell death or cytostasis. Targeted therapy though is a difficult 
venture because of the wide range of possible targets along different growth 
promoting pathways. [9] 
1.1.6. Prognosis 
Regardless of changes in treatment, overall survival rates for patients suffering 
from HNSCC have not improved much over the course of time. [9] After diagnosis, 
5-year relative survival measures between 60 and 70 percent for malignancies of 
the oral cavity and pharynx. Diagnosis at an earlier stage of disease is linked to a 
better prognosis whereas 5-year relative survival is poor for locoregional advanced 
or metastatic stage as well as for recurrent disease. [9, 68] Therefore stage at 
presentation is a crucial factor for the patient’s prognosis with worse treatment 
outcome for advanced disease, especially when HNSCC is not related to HPV 
infection. [13, 69] Also, the extent of the tumor categorized by the TNM 
classification system serves as a meaningful prognostic factor. [48] 
Additionally, HPV status has a strong impact on the prognosis for HNSCC regarding 
overall survival, especially when located at oro- and hypopharyngeal  
subsites. [48, 70] Patients with HPV-positive oropharyngeal carcinoma tend to be 
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significantly younger and have a significantly better prognosis: 5-year survival for 
HPV-positive HNSCC amounts to more than 70 percent whereas HPV-negative 
disease only measures up to a maximum of 50 percent. [22, 71] In general,  
HPV-positive tumors are more sensitive for radiation therapy, even though 
patients often have advanced stages at the time of diagnosis. [72, 73] 
Mutagenesis due to tobacco consumption accounts as a negative prognostic factor 
for overall survival. [22, 62] Patients consuming tobacco when diagnosed with 
HNSCC have a worse survival rate; when comparing with never-smokers, current 
smokers are 70 times more likely to die whereas ex-smokers have a 40 times 
elevated risk for death during the follow-up period. [74] 
Furthermore, choosing the suitable treatment option has an impact on the 
patient’s prognosis. For instance, radiotherapy alone has a worse overall survival 
rate by contrast with cisplatin-based chemoradiotherapy. [66] Standard treatment 
approaches result in various tumor responses since they often do not address 
molecular characteristics of the heterogenous cancer types. [5] Recurrence and 
second primary malignancies frequently occur; about every second patient will 
experience recurrent or metastatic disease within a follow-up period of three 
years. [5, 63] Limited treatment options are leading to a median overall survival of 
six to seven months. [5, 75] 
Regarding the tumor microenvironment, tumors with higher means of immune 
infiltration of adaptive immune subpopulations are linked to better overall 
survival. [62] For HPV-positive HNSCC, especially infiltration with T cells and  
CD8+ T cells has a positive impact. [62, 67] In contrast, infiltration with 
subpopulations of the innate immune system negatively contributes to the 
patient’s overall survival, most probably due to inflammatory processes and 
angiogenesis supporting disease progression. [62] Also, hypoxia within the tumor 
microenvironment accounts for a negative prognostic factor since radiotherapy is 
less effective when lacking reactive oxygen species. [64, 76]  
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1.2. Squamous cell carcinoma of the head and neck (HNSCC) in small 
animals 
Oral tumors are common among small animals and can be located at subsites of 
the oral cavity, tongue, gingiva, parodontium, pharynx and salivary glands. [77, 78] 
In dogs, oral neoplasia is the fourth most frequent cancer and accounts for five to 
seven percent of all tumors, while more than 60% of those tumors are categorized 
as malignant. [77-80] Up to one fourth of the malignant tumors are squamous cell 
carcinomas. Neoplasia is also frequently seen in cats, up to 10% are located at oral 
sites whereas nine out of ten neoplasms are categorized as malignant. 
Approximately 60% of these tumors are attributable to squamous cell  
carcinoma. [77] Oropharyngeal neoplasia is more frequently seen in dogs 
compared with cats with a slight sex predisposition for male dogs and a breed 
predisposition for, inter alia, German shepherds, Chow Chows, Boxers, 
Weimaraner, Golden retrievers and Gordon setters. [79] 
Oral SCC mainly affects animals with middle or advanced age. [78, 81] At the time 
of diagnosis dogs most probably are around the age of 9. Larger dogs are more 
susceptible than small dogs with a breed predisposition for German shepherds, 
Shetland Sheepdogs and English springer spaniels. [77, 78, 82] Oral squamous cell 
carcinoma is one of the most diagnosed malignancies in cats. On average, cats are 
10 to 13 years old upon diagnosis whereas no breed or sex predispositions are 
obvious. [77, 78, 83, 84] 
Nasal tumors are rare in dogs, but frequently affect cats and most likely are 
categorized as squamous cell carcinoma. [78, 79] Almost 20 percent of all feline 
skin tumors concern the nasal planum. [78] Incidence of sinonasal SCC is elevated 
within advanced-aged cats and dogs, for canine patients mean age of diagnosis is 
around 10 years. [77, 79] Cats are about 9 to 10 years of age around the time of 
occurrence, mean age for SCC of the nasal planum amounts to 11 to 12  
years. [77, 79, 85] Regarding feline patients, approximately 50 percent of all 
tumors originating from the nasal area affect the nasal planum. [77] Furthermore, 
over 90 percent of diagnosed nasosinal tumors are malignant. [79] 
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1.2.1. Risk factors 
There exists no known cause for the development of canine and feline  
oral SCC. [77, 78, 82] Radiation therapy targeting the oral cavity may be seldomly 
related to tumor development in dogs. [77] White dogs, Poodles, Samoyeds and 
Labrador retrievers seem to have an elevated risk for squamous cell carcinoma of 
the tongue. [79] Environmental factors may have an impact on the development 
of squamous cell carcinoma of the tongue and tonsil for both species. [78] 
Environmental tobacco exposure has been identified as a risk factor for cancer of 
the nasal cavity and paranasal sinuses in dogs. [80, 86] Further, increasing p53 
expression might be linked to risk of oral SCC in cats but cannot be definitively 
verified as a risk factor. [77, 79, 83]  Additionally, the presence of papillomaviruses, 
feline leukemia virus (FeLV) or feline immunodeficiency virus (FIV) cannot be 
verified as a risk factor for cats. [77, 83, 87] In contrast, regarding feline nasal SCC 
positive p16 immunohistochemical staining might be connected to a more 
favorable prognosis. [88] Canine papillomaviruses CPV1, CPV2, CPV3, CPV9, CPV12 
and CPV16 are sparsely linked to the development of malignancies in single  
cases. [89-93] For example, immunohistochemistry, PCR or positivity for p16 
identify the presence of papillomavirus in viral pigmented plaques in cases of 
metastatic SCC and chromosomal integration has been discovered for the first 
time. [92-94] It has been noted that cats experience elevated risk for oral SCC due 
to wearing flea collars, disorders affecting the teeth and consuming canned cat 
food, especially tuna. [77, 79, 81, 83, 95] 
An elevated risk for neutered cats is identified, whereas neutered males seem to 
be particularly affected by tumors of the nasal planum. [77] Advanced-aged cats, 
in particular individuals with poorly pigmented skin in the nasal planum, have a 
higher risk for the development of nasal malignancies, predispositions for dogs 
have not been identified yet. [78] The development of SCC of the nasal planum 
can be traced back to multiple factors, including UV radiation. Feline 
papillomavirus can be verified by viral DNA or overexpression of p16, a tumor 
suppressor gene, in almost every second SCC of the nasal planum in cats. [77, 79] 
Regarding sinonasal tumors and tumors of the nasal cavity, dogs with a  
long-headed skull seem to have an increased risk, same as for larger  
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breeds. [78, 79] Also, environmental causes such as exposition to second hand 
smoke and other pollutants may have an impact. [79] Siamese cats might have a 
breed predisposition for the disease. [78] 
1.2.2. Clinical symptoms and diagnosis 
Clinical symptoms 
Often the first observed symptom is a mass, further physical symptoms include 
heavy salivation, bad breath, dysphagia, dental problems such as loose teeth, 
grooming difficulties in cats, swelling of facial areas, loss of appetite, nasal or oral 
bleeding and weight loss as well as lymphadenopathy of regional nodes. [77-79] 
Cancer masses located in the caudal parts of the mouth are seldomly detected by 
the owner, other cancer related symptoms are present at the time of veterinary 
examination. [79] Squamous cell carcinomas first resemble a pale plaque and then 
grow into a fleshy mass or a raised plaque with formation of a central ulcer. [77] 
Ulceration as well as secondary infections are very common. [77, 84] Malignancies 
of the tongue are seldomly diagnosed in small animals, often accounted to 
squamous cell carcinomas and associated with severe pain and functional 
disabilities. [78, 79] In cats, tumor expression of parathyroid hormone-related 
protein may be increased and affect bone resorption, paraneoplastic 
hypercalcemia has been identified in few patients. [79, 84] Typical symptoms of 
laryngeal malignancies include a progressively changing pitch of voice, dysphagia 
and exercise intolerance. [79] 
Characteristic symptom for cats suffering from SCC of the nasal planum is a 
crusted, ulcerative lesion. [78, 85] After tumor invasion, bleeding of the lesions is 
common and local irritation can cause sneezing. Nares might be obstructed due to 
extensive tumor growth. [78] For canine patients, the nose might appear swollen 
and/or the nares contracted, most common symptoms include sneezing, 
ulceration and bleeding. [78, 96] External lesions are usually not visible since the 
tumor is often located in the mucous membrane. [78, 79] Symptoms for sinonasal 
neoplasms often occur two to three months before diagnosis and include pain, 
unilateral nasal discharge (mucopurulent or bloody), nose bleeding, sneezing, 
stridor/stertor and dyspnea due to obstructed airways, possibly epiphora and 
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additionally weight loss in cats. [78, 79, 97] After further progression including 
invasion, facial swelling, exophthalmos, blindness and neurological symptoms 
might become obvious. [78, 79, 97, 98] 
Diagnosis 
Most of the times a short general anesthesia is necessary for palpatory 
examination, performance of imaging techniques and biopsy. [79] For oral tumors, 
differentiation between neoplastic and inflammatory causes is necessary and is 
performed by cytologic analysis of deep tissue scraping, fine-needle aspiration or 
impression smears and excisional biopsy. [77, 79] Ulceration of oral tumors might 
complicate a definite diagnosis via cytology, immunohistochemistry then is the 
method of choice for definitive diagnosis and for the detection of prognostic 
factors leading to a suitable treatment approach. [77] Histology can confirm the 
presence of oral squamous cell carcinoma and divides the disease into five 
subtypes correlated with varying clinical behavior and prognosis. [77, 78] Imaging 
techniques such as radiography, CT and MRI are convenient to rule out metastatic 
spread and to stage tumors since oral neoplasia frequently infiltrates bony 
adjacent structures. [77-79] In radiographs, bone lysis is only detected at an extent 
of cortex destruction above 40 percent. CT and MRI aid to an improved evaluation 
of tumoral extension into the orbit, nasal cavity and caudal pharynx. [79] To assess 
metastatic spread to regional lymph nodes, fine-needle aspiration is an 
appropriate tool. [77-79] Excisional biopsy and histological examination of 
regional lymph nodes might be more powerful for the evaluation of  
metastasis. [99] In addition to palpation, ultrasonography might aid to the 
assessment of the primary tumor as well as the regional lymphonodal size though 
the size of lymph nodes cannot predict metastasis. [77, 79, 99] When diagnosed, 
squamous cell carcinomas of the oral cavity are often already staged as advanced 
and infiltrating surrounding structures. [77] 
While radiography might be beneficial for dogs suffering from extensive tumors of 
the nasal planum affecting bony structures and the nasal cartilage, it is not 
conveniently used for cats. [78] Cytological diagnostics like scraping or fine-needle 
aspiration have not proven to be helpful, a biopsy is of greater use for histological 
assessment of the lesion and depth of invasion. [78, 79] CT and MRI might be used 
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to improve tumor staging and defining the localization for further treatment in 
dogs. [79] For sinonasal SCC, radiography is a valuable option to assess the nasal 
cavities and to rule out metastasis to the thorax. Other imaging techniques like CT 
and MRI present more detail on the tumor localization and adjacent structures. 
Diagnostic biopsy samples can be gained with or without endoscopy and are 
further analyzed histologically. [78, 79] Poor keratinization is often obvious in 
sinonasal squamous cell carcinomas. [77] Cytological assessment of conspicuous 
lymph nodes should be performed with fine-needle aspiration samples. [78, 79]  
Tumors of the tongue require a biopsy and fine-needle aspiration of regional 
lymph nodes. Further, ultrasonography can be used to assess resectability. 
Metastasis to the lung should be ruled out by thoracic radiography. For laryngeal 
malignancies, a biopsy is performed since a too small sample size or cytologic 
diagnostic alone might render a false result. While radiography is able to point out 
the tumor’s localization, CT imaging is more precise. [79] 
1.2.3. Localization, metastasis and staging 
Localization 
Usually, canine oral SCCs affect the mandibular and maxillary gingiva, less 
frequently also subsites of the pharynx, soft palate and lips. [77, 82] In almost 
three out of four cases of canine oral SCC, infiltration of the bone is observed at 
the time of diagnosis. [77, 79] Oral SCC in cats usually develops at sublingual, 
maxillary and mandibular subsites, with sublingual oral SCC frequently developing 
in close proximity to the frenulum. [77] Less frequent sites of oral SCC are the 
pharynx, larynx, soft and hard palate as well as the lip. [77] Also, in cats, oral SCC 
frequently infiltrates into adjoining bones. [77, 79] Canine nasal tumors regularly 
extend into the nasopharynx, frontal sinuses and caudal recesses. [97] In cats, 
tumors of the tongue are often located in proximity to the frenulum. [79] 
Metastasis 
Canine oral SCC is not connected with a high rate of metastasis, less than  
15 percent show metastasis to the regional lymph nodes. [77, 78, 81] In general, 
metastasis is reported for canine patients in approximately every fifth case, 
excluding tonsillar SCC, with a higher metastatic potential for caudally located  
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cancer. [79] For tonsillar SCC, higher metastatic rates are reported. [82] In few 
feline cases, metastasis to regional lymph nodes has occurred at the time of 
diagnosis. [77, 79] Feline oral SCC tends to metastasize only after a longer time of 
disease progression; management of local recurrence is a greater challenge due 
to restricted quality of life. [83] A secondary infection and ulceration negatively 
impact necrosis of adjacent structures. [77] Tumors of the tongue show aggressive 
behavior and often infiltrate the full thickness of the tongue at the time of 
diagnosis. The disease of the tongue often spreads to lymph nodes, also metastasis 
is frequent. [78, 81] SCC of the nasal planum in the cat slowly progresses over the 
course of several months, finally presenting with invasive behavior and 
uncommonly metastatic spread. [78, 79] For dogs, tumor progression occurs faster 
and also local as well as regional lymphonodal metastasis are possible. [78] Also, 
sinonasal malignancies tend to metastasize slowly, especially to regional lymph 
nodes and the lung, invasive behavior and local tumor recurrence are more 
frequent. [78, 79] Bone invasion is often detectable early after initial diagnosis. In 
dogs, laryngeal SCC tends to be locally invasive and shows metastatic  
behavior. [79] 
Staging 
For staging, often a modified human TNM classification from 1980 is used for oral 
tumors in small animals. On basis of variable sizes of the canine oral cavity staging 
leads to a disadvantage in favor of stage III tumors and prevents differentiation of 
prognosis between stages. Prognostic factors for small animals are not as  
well-known as for humans. So far, clinical staging in small animals has only shown 
limited advantages in defining the patient’s prognosis. Histological staging based 
on the subtype and grade of the tumor may provide useful information for 
prognosis. [77] 
1.2.4. Therapy 
Various treatment approaches exist for canine oral SCC, such as surgery, 
radiotherapy, chemotherapy and photodynamic therapy as well as combination 
treatments. [77, 82] Most common therapeutic approaches are surgical resection 
(with margins of a minimum of 2cm for dogs and greater than 2cm for cats) and 
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radiotherapy. [79] Surgery is a very effective therapeutical approach for oral 
cancer. When bone infiltration has occurred, hemi-maxillectomy or 
mandibulectomy are necessary for the surgical approach to prevent local 
recurrence. [77-79] While dogs tolerate the resection of the facial bone well, cats 
might suffer from post-surgical morbidity. [78] After surgery, complications such 
as heavy salivation, nose bleeding, eating difficulty, mandibular drift and 
malocclusion might occur. [79]  
Radiotherapy can be applied as a single modality treatment or in combination with 
surgery and obtains a good penetration of the canine bone. [77-79] When tumors 
have a too large extent to be successfully excised, radiation therapy alone is 
indicated. [79] Furthermore, affected regional lymph nodes can be additionally 
targeted. [78] Regarding feline patients, radiotherapy as a sole treatment is not 
sufficient for tumor control. [79] For canine and feline patients, combining surgical 
treatment with post-operative radiation therapy might present the most 
beneficial treatment. [78, 79, 100] Mucositis is a very common and painful acute 
side effect caused by radiotherapy and can lead to refusal to eat and drink 
requiring supportive care. Possible late side effects are xerostomia less clinically 
significant compared with humans and seldomly the development of oronasal 
fistulas and  osteoradionecrosis. [79] 
Also, cryosurgery has been described for neoplasia smaller than 2cm in diameter 
and without extensive bone invasion. Platinum-based chemotherapy is applied 
intravenously for patients suffering from more aggressive tumors such as tonsillar 
SCC and canine patients with metastasis. [79] For feline patients, chemotherapy 
alone could not provide effective outcomes and cisplatin is  
contraindicated. [79, 100] A protocol consisting of piroxicam and a platinum-based 
drug (cisplatin or carboplatin) might improve prognosis for feline and canine 
patients. [79]  
Euthanasia is mainly chosen for reasons of the patient’s discomfort and pain. 
Surgery including mandibulectomy or radiotherapy in combination with 
carboplatin-based chemotherapy are applied to extend survival times for cats. To 
a high percentage, feline patients need to be euthanized since the malignancy 
leads to systemically significant constraints such as difficulty in breathing, 
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dysphagia and loss of appetite. Therefore, median survival rates of cats are as 
short as one to two months. [77] 
Regarding squamous cell carcinomas of the nasal planum, the lesion’s extent 
should be taken into account when choosing a suitable therapy. After deep tumor 
invasion, solely surgery is an effective therapeutic approach. [78, 79] Functional 
and cosmetic reconstruction are necessary after excision, results are favorable for 
cats whereas tumors in dogs tend to have invaded and extended to a greater 
extent when diagnosing SCC of the nasal planum. [78, 79, 101] For incomplete 
excised tumors, post-operative radiotherapy has been applied. [78, 79] Superficial 
radiation techniques might lead to favorable outcomes for superficial SCCs in  
cats.  [78] A superior recurrence free and overall survival time is reported for 
smaller cutaneous squamous cell carcinomas of the nasal planum. [102] For 
sinonasal SCC, treatment options are sparse due to adjacent critical organs and 
focus on local disease control. Surgery might be possible though most nasal SCCs 
cannot be fully addressed by surgery alone. [78, 79] Therefore, radiotherapy most 
of the times is the suitable treatment option, either alone or in combination with 
surgical cytoreduction after radiation therapy. [78, 79, 103] Radiation dosage is 
mostly limited because of adjacent skin, oral mucosa and eyes. [78, 79] 
For tumors of the tongue, glossectomy is necessary with a minimum of 50% of the 
tongue remaining in the oral cavity. [78, 79] Impaired grooming function in cats 
leads to a decreased hair-coat hygiene. [79] Since the tongue is especially sensitive 
to ionizing radiation, toxic side effects are very common. [78] Laryngeal SCC might 
possibly be surgically removed or, when invasive behavior is obvious, treated with 
radiation therapy to ensure laryngeal functionality after treatment. 
Chemotherapy may also be a beneficial approach. [79] 
1.2.5. Prognosis 
All in all, the prognosis for dogs suffering from oral SCC is favorable. [79] Younger 
age, complete tumor excision, smaller diameter and rostral location of the 
malignancy are possibly linked to an improved prognosis regarding canine oral 
SCC. [77-79, 100, 104] For canine patients undergoing radiation therapy, the type 
and size of the tumor are relevant factors regarding tumor control. [79] Dogs show 
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a significantly improved median survival time (MST) for post-operative radiation 
therapy when complete excision is impossible. [105] Generally, after curative 
surgical therapy canine patients experience a long disease-free period of more 
than 2 years. [77] For dogs treated surgically, death risk declines more than  
90 percent and 1-year survival  amounts to over 90 percent when comparing with 
untreated dogs suffering from oral SCC. [106] Hence, complete surgical resection 
should be regarded as the gold-standard therapeutic approach. [105] Cancer 
recurrence mainly occurs due to incomplete surgical resection in about  
three out of five cases. [79]  
For cats, prognosis for oral SCC is less favorable compared with dogs due to fast 
recurrence. Local recurrence occurs in more than 85 percent of patients. [79] 
Location and extent of the tumor may aid as a prognostic factor, with maxillary 
location of the disease linked to a better prognosis for feline patients. 
Immunohistological staining showing a patchy cyclooxygenase (COX)-1 pattern 
may also relate to an improved prognosis when comparing with diffuse COX-1 
staining. Papillomavirus among small animals is less likely a prognostic factor for 
oral squamous cell carcinoma, even though immunohistochemical staining for p16 
could aid to the prognosis of cutaneous squamous cell carcinomas in cats. [77]  
The tumor size and extent of tumor invasion define the prognosis for squamous 
cell carcinoma of the nasal planum. When detected at an early stage without 
extension to the lip or tumor invasion, prognosis for feline patients is favorable, 
the forecast for invasive tumors should be cautiously worded. [78, 79, 85] For 
dogs, prognosis is fair to good, surgical approach might lead to an overall survival 
rate of 1 to 4 years. [78, 79, 107] Complications after planectomy such as 
dehiscence are common, some dogs need to undergo revision surgery. [107] Cats 
and dogs even show long survival time without therapy, since SCC of the nasal 
planum seldomly metastasizes. [79] Sinonasal SCC is linked to an unfavorable 
prognosis when untreated; euthanasia is often necessary within quarter to half a 
year due to local tumor progression. Though sinonasal SCC often cannot be cured 
and recurrence is frequent, after radiotherapy overall survival times without 
disease specific symptoms amount up to 1 year in every second patient. [78] For 
cats, overexpression of p16 is linked to an improved prognosis for nasal SCC.  [77] 
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For canine patients suffering from nose bleeding, prognosis might be  
demeanor. [79] 
Depending on the site, type and staging, for tumors of the tongue, prognosis is less 
favorable with frequent lymphatic invasion and regional lymphonodal metastasis 
up to 40% in dogs. [77-79]  
1.3. Dogs and cats as animal models of human HNSCC 
Different animal models have been established to study HNSCC; no animal model 
on its own is suitable for further analysis of HNSCC development and treatment of 
the disease. [108, 109] Hamster, mouse and rat  
(i.e. hamster cheek pouch model) are used as a traditional model for cancer 
development and therapeutic approach for strategic disease prevention. 
Utilization of genetically modified mice as in vivo models aid to examine the 
function of specific genes and their modification throughout the pathogenic 
process in humans. [108] To investigate HNSCC with infiltration of adjacent bone, 
mouse orthotopic models are very useful. [108, 110, 111] To develop and validate 
numerous novel therapeutic strategies, including immunotherapy, traditional 
animal models (rodents) have come to use. [108] Disappointingly, severe 
limitations are noted [108, 112]: Clinical responses cannot be reliably predicted 
and sufficient lymphonodal metastasis cannot be induced in rodents. [108] 
Spontaneous development of malignancies in companion animals have a strong 
resemblance of clinical and molecular patterns compared with human cancer. 
Artificial reproduction of these common grounds in a laboratory environment 
appears impossible. [83] Regarding the incidence, analogic clinical behavior, 
therapeutic approach and cancer biology, oral SCC in cats is regarded as a 
meaningful and promising animal model for human HNSCC. [83, 108, 113] 
Similarities further concern factors such as frequent occurrence, advanced age at 
diagnosis, upregulation of EGFR expression, modified expression of p53, hypoxia 
in the tumor microenvironment, cancerous angiogenesis as well as bone invasion 
and osteolysis. [83, 100, 108, 113, 114] While for other species development of 
lingual SCC is fairly uncommon, humans and cats can suffer from this  
disease. [100, 108] In comparison with the lateral location of human lingual SCC, 
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the disease is located ventrally in cats. [108] HNSCC of cats and humans show 
resistant behavior towards chemotherapeutic modalities, furthermore tumor 
resection with adequate histological margins is hard to achieve. [100] As noted, 
mankind and cats have several genetic and pathophysiologic characteristics in 
common. Consequently, cats might present a useful spontaneous model in a 
veterinary clinical setting regarding HNSCC in regard of translational research for 
further understanding of HNSCC and novel therapeutic approaches. [83, 108, 113] 
Same as for cats, spontaneous canine HNSCC presents a significant animal model 
for human HNSCC, since molecular characteristics including the tumor 
microenvironment, genetic character and pathways connected to the tumor, 
progression of disease, and response to administered treatments behave  
similarly. [115, 116] Such as infiltrative human HNSCC, poor differentiation of 
canine squamous cell carcinoma of the head and neck might be connected to  
faster tumor progression. [108] Investigation of the involvement of canine 
papillomaviruses, i.e. CPV1, in the tumorigenesis in spontaneous dog models 
might not contribute to further assessment of HPV-positive human HNSCC. [117] 
Results from translational studies with dogs might help to develop novel 
therapeutic approaches in humankind. [115, 116]  
1.4. Radiation therapy 
Soon after discovering radiography, ionizing radiation has been used as a 
therapeutic approach for cancer and some other diseases. Nowadays, every 
second cancer patient undergoes radiotherapy. Gray (Gy) is the measuring unit for 
the dose of radiation and describes the energy which is absorbed by the targeted 
tissue (J/kg). Ionizing radiation causes a dose dependent amount of DNA damage 
leading to cell death. Total radiation dosage is split into smaller fractions, often 
administered to patients on a daily basis. Due to sparing healthy tissue 
fractionation facilitates the use of a higher total radiation dosage leading to the 
death of an elevated number of tumor cells. On the contrary, fractionation 
elongates the time of radiation therapy giving an advantage to cancer cells to 
repopulate healthy tissue. [118] The classification of fractionation types 
depending on radiation dosage is outlined in Table 4. 
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Table 4: Fractionation of radiation dosage in radiotherapy  
fractionation hyperfractionation standard hypofractionation 
Gy/day < 1.8 1.8-2 > 2 
Source: [118] 
The biological response of tissue to radiation therapy is described by the  
5 Rs. [119, 120] Since immunotherapy is gaining popularity as an additional 
therapeutic approach for cancer diseases, a 6th R has been proposed  
(see Table 5). [119] 
Table 5: The Rs of radiation therapy  
  
1 Repair of induced DNA damage 
2 Re-assortment of cell cycle towards 
radiation-sensitive mitosis 
3 Repopulation of tumor cells between 
administration of radiation 
4 Re-oxigenation for improved radiation 
sensitivity 
5 Radiosensitivity defining tumor response 
6 Reactivation of the immune system 
Source: [119] 
Usually, adjacent healthy tissue limits the total radiation dosage which can be 
administered to the patient. Ionizing radiation can lead to well-known acute and 
late side effects. [118] 
1.4.1. Effects of ionizing radiation 
Ionizing radiation leads to damage of the DNA and stimulates the production of 
reactive oxygen species eventually causing cell death. Furthermore, radiotherapy 
activates potent immune responses directed towards the tumor. For instance, 
expression of major histocompatibility complex (MHC) class I is enhanced leading 
to an improved tumor-specific immune response. Additionally, dendritic cells 
experience more frequent activation as well as migration and lymphocyte 
Introduction   38 
 
infiltration in the tumor is improved (see Table 6). [64, 67, 121]  
Conversely, ionizing radiation can lead to an elevation of regulatory T cells (Treg) 
which help to suppress the immune response and show resistant behavior 
towards cisplatin. [64, 121, 122] An elevation of myeloid-derived suppressor cells 
(MDSCs) has a negative impact due to suppression of the immune response  
(see Table 6). [123] Also, immune checkpoint ligands such as PD-L1 can be 
expressed on cancer cells more frequently. Elevated levels of PD-L1 expression 
might negatively influence the patient’s immune response and interfere with 
radiation-induced positive effects on the immune response. [64, 124]  
Table 6: Radiation induced effects on tumoral immune response  
positive effects negative effects 
↑ antigen cross-presentation ↑ regulatory T cells (Tregs) 
↑ Type I interferon ↑ myeloid-derived suppressor cells 
(MDSCs) 
↑ major histocompatibility complex (MHC) 
class I 
↓ depleted and exhausted T cells and 
inhibited T cell reaction 
Source: [64, 67] 
1.4.2. Site-specific side effects in patients with HNSCC 
Up to 5 out of 100 patients are affected by side effects caused by ionizing radiation 
during radiation therapy, whereas the radiation intensity has a large impact on the 
incidence of side effects. [125]  
Adverse effects of ionizing radiation can be divided into acute and late side effects. 
Acute side effects typically appear during or in the following weeks after 
radiotherapy and affect tissues with high turnover rate of cells  
(i.e., mucosa or skin) leading to diseases such as hematopoietic cytopenia, 
mucositis and desquamation. [118, 126] Acute side effects commonly disappear 
within weeks or months after therapy, but enormous toxicity might lead to late 
side effects. [126, 127] 
After a longer period of time, radiation therapy can cause ulceration, fibrosis, 
atrophy, neural or vascular damage or even dysfunction of organs. [118, 126] Late 
Introduction   39 
 
side effects develop months or even years after radiation therapy and mainly 
affect tissues with a lower cell turnover rate. Late side effects normally show a 
progressive behavior and have a life-long impact on the patient’s well-being and 
quality of life. [126] Additionally, ionizing radiation can cause mutations of the 
DNA leading to the development of further malignancies. Radiation-induced 
cancer usually emerges years after treatment with radiation.  [118] 
Mucositis is a very common side effect of radiotherapy targeting the head and 
neck; more than 60% of HNSCC patients experience enormous mucositis while 
undergoing chemoradiotherapy. About half of those patients cannot finish their 
scheduled therapy because of the severe side effects of mucositis including pain 
from inflammation and ulceration, nutritional difficulties and intense secretions 
potentially leading to nausea, vomiting and gagging. [126-128] Bacteremia and 
sepsis can be a secondary side effect since pathogens can enter the bloodstream 
at sites of ulceration. [128] 
Since minor and major salivary glands are sensitive to radiation, another 
frequently seen side effect is xerostomia. The lack of saliva has an influence on 
nutritional intake, swallowing function, taste, dental health and the ability to 
speak properly. [126, 128] Patients experience xerostomia early after receiving as 
little as a few radiotherapy fractions and also, xerostomia is often a late side effect 
profoundly impacting the patient’s life. [126, 127] Another late side effect caused 
by ionizing radiation is hypothyroidism, becoming obvious in approximately every 
fifth patient only after five to ten years after therapeutic radiation. [127] Further 
potential late side effects are loss of hearing, trismus and thinning of mucosal 
tissue. [126, 127] 
Radiation dermatitis refers to an inflamed skin due to radiation toxicity. It usually 
develops in the following few weeks after the beginning of radiotherapy. A 
progressing erythema can develop into patchy desquamation and in few cases into 
stronger desquamation and ulceration. Almost every HNSCC patient undergoing 
radiotherapy is affected by radiation dermatitis to a certain degree; severe 
manifestations are rare. [128]  
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Lymphedema and fibrosis might result after surgery or radiotherapy possibly 
leading to chronic inflammation and loss of function. Since lymphedema and 
fibrosis might persist as a late side effect, early treatment of the condition should 
be focused. [44] 
Additionally, HNSCC patients often are psychologically affected and distressed 
while undergoing radiation therapy. Up to 50% might show symptoms referring to 
depression and anxiety. Depression is linked to a bigger extent of malnutrition and 
is regarded as a risk factor for recurrence and a decrease in overall survival. [128] 
In some cases, radiotherapeutic treatment needs to be interrupted due to toxicity 
responses. Those cases especially can be linked to oropharyngeal tumors and 
malignancies with increased T stage. [129] Late side effects can be linked to 
patients of older age, laryngeal or hypopharyngeal tumors and neck dissection 
following chemoradiotherapy. [126] Patients affected by severe radiosensitivity 
are more likely to experience grave morbidity after radiation therapy. [130] Death 
which can be related to chemoradiotherapy in HNSCC is reported to be one of the 
three major causes of a patient’s death. [126] 
1.4.3. Effects of radiation therapy on lymphocytes  
Lymphocytes rank among white blood cells. Even though they have a similar 
appearance they account for different functions of the immune system. B cells,  
T cells and innate lymphoid cells (ILCs) such as natural killer cells (NK cells) produce 
a certain set of antibodies and cytokines. NK cells are able to impart direct 
elimination of malignant cells. T cells can be subdivided into NK-like T cells,  
γδ T cells, CD8+ and CD4+ T cells. CD8+ T cells are able to exert either cytotoxic or 
cytolytic behavior to get rid of malignant cells. [131] 
Radiotherapy is linked to an improvement of the anti-tumor immunity by 
stimulating T cell-mediated immunity. Otherwise, it is related to the elevation of 
regulatory T cells (Tregs) leading to a suppression of the anti-tumor response of 
the immune system. [132] 
Especially the components of the hematopoietic system are sensitive to ionizing 
radiation. Radiation not only induces cell death of malignant cells but also of 
lymphocytes. [131] Primarily NK cells, naïve T cells (with a greater effect on  
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CD4+ T cells) and B cells are affected by radiosensitivity while NK-like T cells,  
T memory cells and regulatory T cells (Tregs) are withstanding to a greater  
extent. [131, 133] Subpopulations of T cells fall after radiation therapy. [134-137] 
CD4+ and CD8+ T cell counts are affected as well as the CD4+/CD8+ T cell ratio 
which shows a decline. [134-136] In particular, the decrease of CD4+ T helper cells 
is pronounced. [136, 138] Also, the level of B cells declines subsequently to 
radiation therapy. [135-137] One year after undergoing radiation therapy, patients 
still present with declined levels of lymphocyte subpopulations. [135, 139]  
Additionally to ionizing radiation, other factors might add to the long-lasting 
immunosuppression after undergoing radiotherapy. [138] Whereas healthy 
donors present low levels of Tregs, this fraction shows a double increase for 
patients with head and neck squamous cell carcinoma. After radiotherapy, Tregs 
remain increased for the duration of one month. [136] NK cells remain unaffected 
by disease or radiation therapy or even show an increase. [136, 138]  
The number of lymphocytes might have an influence on the prognosis for HNSCC 
patients. [140, 141] Regulatory T cells as well as tumor-infiltrating lymphocytes 
(TILs) and dendritic cells might have an impact on the prognosis. [140] 
Additionally, patients with lower lymphocyte numbers at baseline have a 
decreased overall survival rate. [142] 
1.5. Immune checkpoint inhibitors in the treatment of HNSCC 
Before the 19th century, the patient’s immune system has been identified as an 
important factor of the initial development and progression of malignancies. In 
recent years, immunotherapy has gained popularity as a considerable cancer 
treatment modality. Treatment options of the immunotherapeutic field such as 
monoclonal antibodies targeted at tumor antigens, cell-based dendritic vaccines 
and immune checkpoint inhibitors have recently been approved by the Food and 
Drug Administration (FDA), a central U.S. authority. [143] Approved immune 
checkpoint inhibitors targeting PD-1 in HNSCC cases are enlisted in Table 7. 
Immune checkpoint inhibitors show promising results for many malignancies and 
mainly interfere with programmed cell death protein 1 (PD-1), programmed cell 
death ligand 1 (PD-L1) and cytotoxic-T-lymphocyte associated protein 4  
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(CTLA-4). [143, 144] Forementioned checkpoint inhibitors interact with the 
regulation of T cells, which are fundamentally supporting the patient’s immune 
response, i.e. regarding the destruction of tumor cells. [144] To ensure adequate 
T cell activation, a balance between inhibitory and co-stimulatory signals is  
crucial. [9] T cells are activated through co-stimulatory molecules and interaction 
with the T cell receptor, immune checkpoints consequently monitor and modulate 
the immune response’s intensity and length of time. [145] After T cell activation, 
expression of CTLA-4 is induced and impedes further co-stimulation after reaching 
a certain threshold while upregulation of PD-1 adversely affects the signaling 
regarding the T cell receptor which binds to the antigen. [144] 
For the functioning of immune checkpoint pathways, a receptor, i.e. PD-1, and a 
related ligand, such as PD-L1, need to correspond. [145] Immune checkpoints are 
able to suppress the immune response in order to ensure self-tolerance and to 
avoid autoimmunity and damage in peripheral tissues caused by T cell  
reaction. [146] Tumor cells take advantage of the mechanism of immune 
checkpoints to evade detection and elimination by the patient’s immune  
system. [145, 146] Especially for squamous cell carcinomas of the head and neck, 
immune checkpoints serve tumor cells as a mechanism to escape detection by the 
immune system by interfering with T cell activation and functioning. [146] 
Consequently, the goal for immunotherapy is not only to initiate an immune 
response but also to interfere with tumoral inhibitory pathways regarding T cell 
response. [144] For the treatment of HNSCC, immunotherapy is an eligible 
modality due to the large immune infiltration. Depending on the aetiology of 
HNSCC, the extent of immune infiltration and activation varies greatly and needs 
to be taken into consideration to define suitable targeted immunotherapies. [62] 
Certain side effects can be related to immune checkpoint inhibitors, they are 
described as immune-related adverse events (irAEs). [145-147] Generally, PD-1 
inhibitors show less toxicity compared with regular chemotherapy. [63, 146, 147] 
irAEs might manifest at different organ systems, i.e., leading to endocrinologic 
diseases, hepatitis, colitis and pneumonitis. Anti-PD-1 therapy should also be 
implied for suitable patients with advanced age, co-morbidities, lung metastases 
or even controlled diseases like HIV and Hepatitis C. [147]  
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The immune response modulation initiated by immune checkpoint inhibitors 
often demonstrates a long-lasting effect protecting patients against tumor 
progression. [143, 144, 148] For HNSCC, only up to every fifth patient can show a 
valuable response. [148] Therefore, combining additional immune checkpoint 
inhibition with anti-cancer treatment modalities might produce a greater response 
rate. [143] To identify patient groups for whom the treatment with immune 
checkpoint inhibitors is likely to produce a viable tumor response is a key element 
for future therapeutic approach. [143, 144, 148] Therefore, immunologic and 
translational biomarkers can aid to prognostic and predictive patient  
stratification. [143, 144] 
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1.6. Prognostic biomarkers for HNSCC 
Different types of biomarkers can contribute to diagnosing malignancies and 
making decisions regarding cancer therapy (see Table 8). [149] Prognostic 
biomarkers contribute to the monitoring of cancerous disease regarding cancer 
research, patient care and tumor control, i.e., by defining the patient’s presumable 
outcome at the time of diagnosis as well as the probability of disease recurrence 
or survival until tumor-related death after treatment. [149-151] Therefore, 
prognostic biomarkers have a potent role for treatment decision and scheduling 
for treatment intensity by target-orientedly stratifying patient subgroups. Also, 
during therapy patients might experience certain events which might be identified 
by biomarkers and affect the decision-making. [149] 
Table 8: Types of biomarkers and their definition  
type of biomarker definition of benefit 
diagnostic biomarker identification of tumor disease 
prognostic biomarker improved or unfavorable outlook of tumor 
disease regardless of therapeutic approach 
predictive biomarker prediction of specific therapy outcome; often 
simultaneously serving as a therapeutic target 
companion diagnostic biomarker diagnostic, prognostic or predictive biomarker to 
stratify patient subgroups for individual 
therapeutic approach 
Source: [149, 150, 152] 
Clinical utility is a key factor for the benefit of a prognostic biomarker, which 
means the assay needs to be reproducible ensuring the same quality. [150] 
Difficulties regarding prognostic biomarkers include the ensurance of the quality 
and performance of laboratory assays as well as the quality of statistical analysis 
and research publication. [149] HPV positivity has been linked to a greater 
radiosensitivity turning p16 status into a prognostic biomarker leading to the 
consideration of adjustments in radiotherapeutic approach. [64, 153-156] Also, 
Protein death ligand 1 (PD-L1) detected by immunohistochemistry is among new 
promising prognostic intra-tumoral biomarkers for HNSCC. [48, 157, 158] Other 
biomarkers with a high prognostic potential are EGFR overexpression as well as 
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mutation of p53, which is connected to a poor prognosis regarding overall  
survival. [48, 150, 159] Further understanding of the tumor microenvironment of 
HNSCC might lead to finding new potential prognostic biomarkers. [155] 
Regularly, HNSCC is diagnosed at a late stage by endoscopy, biopsy of tumor tissue 
samples and/or fine-needle aspiration (FNA). [160] These diagnostic approaches 
cannot factor the heterogeneity of HNSCC, are substantially affected by the 
malignancy’s location, constitute a more invasive surgical procedure, are more 
cost-intensive in comparison with a simple peripheral blood draw and cannot be 
regularly repeated. [160-162] Up to date, no feasible prognostic biomarkers exist 
to properly identify residual tumor burden after treatment. [162] Gaining 
information from easily accessible sources like blood or saliva, referred to as liquid 
biopsies, might allow to predict tumor recurrence at earlier stages during the 
follow-up period since frequency of imaging techniques is limited due to potential 
side effects. [48, 148, 163] Potential prognostic biomarkers which can be detected 
in patient’s blood samples are either circulating tumor cells (CTCs),  
tumor antigens, tumor-associated autoantibodies or microRNAs. [48, 163, 164] 
HPV ctDNA can be identified in plasma samples of patients with HPV-positive 
oropharyngeal squamous cell carcinoma and might lead to an earlier diagnosis of 
small-sized tumors as well as aid to monitor the behavior of disease. [165]  
PD-L1 expression can also be discovered upon CTCs in the peripheral blood of 
HNSCC patients with locally advanced disease. Increased PD-L1 expression after a 
definitive therapeutic approach can be related to an elevated risk for disease 
progression and death in comparison with lower PD-L1 expression upon CTCs. 
These findings might help to stratify patients for PD-1-targeted  
immunotherapies. [166] This is an enormous advantage since early therapeutic 
approach of recurrent disease is crucial for the patient’s prognosis. [148]  
1.7. Early activation marker CD69 
1.7.1. The role of early activation marker CD69 
The lymphocyte antigen CD69, an early activation marker, is a  
type 2 membrane-bound glycoprotein associated with the NK-gene complex and 
can be detected on cells of the hematopoietic system, such as platelets, neutrophil 
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and eosinophil granulocytes, Langerhans cells of the epidermis and  
lymphocytes. [167-169]  
To respond properly to infectious agents, cellular components of the immune 
system adequately need to be able to be activated and proliferate. After initiation 
of the immune response by antigenic and mitogenic stimulation, certain surface 
antigens are expressed on activated lymphocytes with CD69 being the earliest 
one. [170] While expression of CD69 is upregulated very early after initial 
stimulation by a variety of stimuli on NK cells, B cells and T cells through 
engagement with the T cell receptor (TCR/CD3) within a maximum of four hours, 
the surface antigen can almost not be found on resting  
lymphocytes. [168, 169, 171-173] Upregulation of CD69 on NK cells occurs faster 
than on T cells, ultimate activation levels show the same results for both  
cell types. [172] Highest expression rates can be measured 18 to 48 hours after 
stimulation. [173] Levels of CD69 begin to decrease four to six hours after 
activation. [171] 72 hours after activation, CD69 expression decreases close to 
background levels. [173] 
The early activation marker CD69 is involved in the regulation of several significant 
pathways. CD69 might be additionally involved with the migration of activated 
lymphocytes and the release of cytokines, leading to a lymphonodal retention of 
T cells. Therefore, CD69+ T cells are more commonly detected in inflamed tissue 
or lymph nodes when comparing with the circulating blood stream. [171] 
Due to its rapidly upregulated expression on CD8+ and CD4+ T cells as well as on  
T cells in the periphery of inflammatory processes, CD69 serves as an established 
early indicator of T cell activation. [169, 173] Cell phenotypes as well as the level 
of CD69 expression on lymphocytes and lymphocyte subsets can be easily 
measured by flow cytometry with the use of specific monoclonal antibodies 
(mAbs) with a high amount of sensitivity.  [168-170, 173]  
1.7.2. Early activation marker CD69 in relation to HNSCC 
For migration and presence of T cells in inflamed tissues, it is essential that T cells 
are activated and the surface marker CD69 is upregulated. [174] Progression of 
cancerous disease can be related to increased expression of CD69 on CD4+ and 
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CD8+ T cells, decreased tumor-infiltration of T cells (TILs) as well as to the 
exhaustion of CD8+ T cells leading to an impaired anti-tumor immunity. [174, 175] 
Tumor-infiltrating lymphocytes (TILs) are able to contribute to the production of 
anti-tumoral cytokines. A treatment with an antibody targeted against CD69 can 
enhance the anti-tumor response and delay disease progression by increasing the 
levels of tumor-infiltrating CD8+ and CD4+ T cells. Therefore, CD69 might serve as 
a potential target for an immunotherapeutic approach of tumor disease. [174] 
For squamous cell carcinoma of the larynx, high levels of early activation markers 
are expressed on the surface of T cells whereas late activation markers show a 
decreased expression. This might lead to regulatory dysfunction and a restricted 
immune response. Elevated levels of CD69-expressing CD4+ and CD8+ T cells can 
be linked to significantly fewer secretion of IL-10 and IFN-γ detectable in 
peripheral blood. [175] For patients suffering from squamous cell carcinoma of the 
head and neck, decreased cytotoxicity of lymphocytes regarding malignant cells 
can be related to a reduced secretion of IL-12, TNF-α and IFN-γ since secretion of 
these cytokines is relevant for cytotoxic NK cell and T cell activity. [176] 
Additionally, increased levels of activated T cells in the peripheral blood are 
correlated with worse prognosis regardless of the TNM stage. Likewise, elevated 
levels of early activation marker CD69 are associated with inferior prognosis with 
worse overall survival. [177] 
1.8. The PD-1/PD-L1 pathway  
1.8.1. The PD-1 receptor 
The programmed cell death protein 1 (PD-1) is a transmembrane protein receptor 
of the Ig family which can be found superficially as a monomer on  
CD4-/CD8-negative αβ and γδ T cells, activated T cells, NK cells, B cells,  
NK-like T cells, dendritic cells, macrophages as well as on monocytes. [178-182] As 
a negative regulator of the immune system, PD-1 can be accounted to the 
CD28/CTLA-4 family while its function regarding the inhibition of T cell activation 
differs from CTLA-4. [178, 181-184] PD-1 occupies many functions in relation to  
T cells including activation, exhaustion and tolerance. The PD-1/PD-L1 pathway is 
an important regulatory mechanism to prevent autoimmunity by suppressing 
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activation of self-reactive CD8+ and CD4+ T cell responses ensuring self-tolerance 
in tissues. [178, 179, 181] Additionally, the receptor has the ability to interfere 
with effector functions of NK cells and B cells when expressed on their  
surface. [181] Due to the obstruction of the signaling of the T cell receptor through 
a co-inhibitory pathway, PD-1 seemingly prevents the T cells from responding 
leading to restricted anti-tumor immunity. [180-183, 185] After the activation of  
T cells, rising PD-1 expression can be measured within 24 hours and disappears 
when the stimulating antigen is absent. [179, 181] Ongoing stimulation of T cells 
by an antigen (i.e. tumor or chronic infection) directs to a permanently high 
expression of PD-1 leading to T cell exhaustion. [178, 181, 185] Tumors are able to 
evade immune surveillance by various immune escape mechanisms, by facilitating 
the expression of co-inhibitory molecules (i.e., PD-1 and PD-L1), among other 
things. [181] When comparing with healthy subjects, patients suffering from 
cancer of the head and neck experience an elevated expression of PD-1 on certain 
lymphocyte subpopulations. [186] Elevated expression of PD-1 upon innate-type 
B cells might additionally lead to the suppression of B cell expansion and hinder 
them from developing into immunoglobulin G (IgG) expressing plasma cells. 
Consequently, innate humoral immune responses can be downregulated. [178] 
1.8.2. The ligands PD-L1 and PD-L2 
PD-L1 (CD274) and PD-L2 (CD273), the two ligands of the PD-1 receptor, also might 
have the ability to inhibit T cell response. [178, 180-182] After stimulation by 
proinflammatory cytokines like TNF-α, VEGF and interferons, PD-L1 is expressed 
on the surface of mainly antigen presenting cells (APCs) like dendritic cells, 
macrophages, T cells, B cells and further cells (i.e. fibroblasts, stromal and 
parenchymal cells, epithelial and vascular endothelial cells). [178-181] 
Additionally, tumor cells express PD-L1 on their surface to evade immune 
surveillance, enhance tumor growth and restrict secretion of  
IFN-γ. [178, 180, 181, 183]  
In comparison with PD-L2, PD-L1 is more frequently detected. Stimulating the 
expression of PD-L1 and PD-L2 might represent a mechanism of negative feedback 
to lower T cell activity in order to prevent increased immune tissue damage. [181] 
When binding to their receptor PD-1, the ligands induce the recruitment of 
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tyrosine phosphatase SHP-1 and SHP-2. [178, 181] Consequently, phosphorylation 
of the T cell receptor signaling molecules decreases resulting in a diminished 
activation of T cells and production of cytokines finally leading to decreased T cell 
cytotoxicity. [179-181, 187] Furthermore, production of regulatory T cells (Tregs) 
is promoted by the PD-1/PD-L1 pathway. [181] Levels of Tregs show a reduction 
upon treatment with immune checkpoint inhibitors targeting the PD-1/PD-L1 
pathway. [63] The two ligands PD-L1 and PD-L2 are found to interact with each 
other to a small extent. The impact of this interaction on the immune checkpoint 
and response of the immune system has not been defined yet. [188] 
1.8.3. The prognostic relevance of PD-1 and PD-L1 for HNSCC 
For HNSCC, expression of PD-1 on CD8+ T cells infiltrating the tumor is favorable 
for tumor growth. Around 50 percent of patients suffering from HNSCC express 
PD-L1 in the TME. [180] Active smokers generally show a lower PD-L1 expression 
within the TME. [65] Prognostic value of PD-L1 expression for the patients’ overall 
survival is still under investigation since several studies have produced opposing 
results. [155, 189] HPV status measured by p16, PD-1 and PD-L1 expression are 
correlated. According to some studies, patients with a higher expression level of 
PD-1 and PD-L1 are associated with improved overall survival and decreased 
likelihood of experiencing tumor recurrence. [190, 191] Contrary to studies 
regarding other tumor types, elevated levels of PD-L1 expression can be 
associated with an improved prognosis for HPV-positive HNSCC whereas elevated 
levels on exosomes are linked to progression of disease. [180] Another study 
regarding HNSCC identifies high PD-L1 expression as a negative prognostic factor 
for overall survival independent of other prognostic factors (i.e., lymphonodal 
involvement, tumor size, surgical margin status, distant metastases and 
extranodal involvement). Elevated PD-L1 expression can also be linked to the 
likelihood of developing distant metastasis. [192] 
1.8.4. Immunotherapy targeting the PD-1/PD-L1 pathway 
Immunotherapy by targeting the PD-1/PD-L1 pathway with antibodies, known as 
an immune checkpoint blockade, results in favorable clinical outcomes regarding 
different cancerous malignancies with response rates up to 50 percent. [181, 182] 
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Blocking the PD-1/PD-L1 pathway results in improved cytokine release, T cell 
proliferation and cytotoxicity effectuating an ameliorated anti-tumor response. 
Also, the elevation of glucose concentration in the TME leads to a production of 
increased IFN-γ levels. An increased mutational tumor burden can be linked to an 
improved immune checkpoint inhibitor response while an active smoking status 
decreases the likelihood of a positive benefit. [65, 181] Patients suffering from 
recurrent or metastatic HNSCC with higher PD-L1 expression levels demonstrate 
an improved response rate , but also patients with poor PD-L1 expression can 
benefit from treatment with immune checkpoint inhibitors. [155] 
Nivolumab, a monoclonal antibody directed against PD-1, demonstrated improved 
outcomes for classical Hodgkin’s lymphoma, non-small-cell lung carcinoma, 
metastatic renal cell carcinoma and unresectable or metastatic melanoma or 
HNSCC leading to its approval by the FDA. [181, 182] Pembrolizumab, another 
immunotherapeutic drug, obtained the FDA’s approvement in 2016 as a 
therapeutic approach for metastatic or recurrent HNSCC following platinum-based 
chemotherapy. [182] Positive response rates with an improvement of overall 
survival rates can be observed for both nivolumab and pembrolizumab regardless 
of the HNSCC’s HPV status. [180, 182] The combination of blocking CTLA-4 and  
PD-1, approved by the FDA for unresectable or metastatic melanoma, or 
combination of either immune checkpoint inhibitor with other therapeutic 
approaches can possibly ameliorate response rates and therapy  
outcomes. [181, 193] Prediction of a patient’s response to immune checkpoint 
therapy remains a great challenge. [184] Side effects of PD-1/PD-L1 immune 
checkpoint inhibition are of a more pathologically chronic nature and fainter when 
comparing with other immune checkpoint inhibitors. [178, 180, 181]  
1.9. Aim of the study 
The striving for a more personalized approach of cancer care requires knowledge 
of the molecular structure of a tumor as well as of the tumor microenvironment, 
also allowing for a reduction of treatment related side effects and toxicity. After 
proper risk assessment, personalized cancer care ensures choosing the most 
beneficial therapy and screening strategy for the patient while saving healthcare 
costs and meaningful treatment time. [9] Figure 1 displays the key elements of 
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personalized cancer care. Assessment of the patient’s prognosis is also critical for 
cancer management since some patients are more likely to experience recurrence 
and therefore have the need for an intensified therapeutic approach and cancer 
screening. A reduced risk of recurrence might allow for de-escalation strategies to 
achieve less systemic side effects. [9]  
Figure 1: Key elements of personalized cancer care  
 
Source: [9] 
In this study, we observe patients with locally advanced HNSCC within a time 
frame of two years in order to investigate the impact of radiation-induced effects 
on lymphocyte subpopulations (T cells, NK cells, B cells and NK-like T cells) in 
consideration of prognosis for tumor recurrence. Further, we want to validate the 
prognostic impact of three potential biomarkers (CD69, PD-1 and PD-L1) on 
locoregional control for locally advanced HNSCC. Findings might lead to a more 
precise definition of risk groups and a more suitable patient stratification for 
individualized radiation dosage de-escalation as well as for therapeutic approach 
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2. Materials and Methods 
2.1. Materials 
2.1.1. Basic laboratory equipment 
Table 9: Basic laboratory equipment 
Equipment Manufacturer 
Heraeus Multifuge 3S-R Centrifuge Thermo Electron Corporation, Waltham, 
MA, USA 
Heraeus Fresco 17 Centrifuge Thermo Electron Corporation, Waltham, 
MA, USA 
Vortex mixer MS1 Minishaker IKA®, Staufen, Germany 
Vortex-Genie 2 Scientific Industries, Bohemia, NY, USA 
Heater MR Hei-Standard Heidolph Instruments, Schwabach, 
Germany 
Pipet Aid Pipetboy Integra Biosciences, Hudson, NH, USA 
Pipettes pipetman (1-10µL, 10-100µL,  
20-200µL, 100-1000µL) 
Gilson, Middleton, WI, USA 
Pipettes Lambda Plus (0.1-2µL, 0.5-10µL, 
20-200µL, 100-1000µL) 
Corning Incorporated, Corning, NY, USA 
Pipettes Lambda (0.5-10µL, 20-200µL) Corning Incorporated, Corning, NY, USA 
Multiple pipettes 30-300µL  
(Research plus/Reference 2) 
Eppendorf AG, Hamburg, Germany 
Multiple dispenser Eppendorf AG, Hamburg, Germany 
Precision scale Kern & Sohn GmbH, Balingen, Germany 
FACS Calibur flow cytometer BD Biosciences, San Jose, CA, USA 
ELx808™ Absorbance Microplate Reader BioTek, Winooski, VT, USA 
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2.1.2. Consumable supplies 
Table 10: Consumable supplies 
Equipment Manufacturer 
Disposable latex gloves Ansell LTD, Brussels, Belgium 
EDTA KE tubes unknown 
FACS tubes 5mL Sarstedt, Nümbrecht, Germany 
Disposable pipette 
(1mL/2mL/5mL/10mL/25mL/50mL) 
Greiner Bio-One, Frickenhausen, 
Germany 
Eppendorf tubes (0.5mL/1.5mL) Eppendorf AG, Hamburg, Germany 
Eppendorf Tips epT.I.P.S.®  
(Reloads 0.1-10µL, Standard/Bulk  
2-200µL, Standard 20-300µL) 
Eppendorf AG, Hamburg, Germany 
Disposable pipette tips 
(200µL/1000µL) 
Sarstedt, Nümbrecht, Germany 
Disposable pipette tips  
(Capillaries and Pistons) 
Gilson, Middleton, WI, USA 
Combitips advanced® 25mL Eppendorf AG, Hamburg, Germany 
Reagent reservoir 4870 50mL Corning Incorporated, Corning, NY, USA 
Cellstar® tubes (15mL/50mL) Greiner Bio-One, Frickenhausen, 
Germany 
SafeSeal micro tubes (0.5mL/1.5mL/2mL) Sarstedt, Nümbrecht, Germany 
Costar 3590 96 Well EIA/RIA Plate Corning Incorporated, Corning, NY, USA 
Plate sealers Easyseal™ Transparent 
79x135mm 
Greiner Bio-One, Frickenhausen, 
Germany 
Disposal bags Sarstedt, Nümbrecht, Germany 
Paper towels Mobiloclean® Handelsgruppe GmbH + 
Co. KG., Munich, Germany 
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2.1.3. Kits 
Table 11: ELISA kits 
Kit  Catalog No. Manufacturer 
DuoSet® ELISA 
Development System Human 
PD-1 
DY1086 R&D Systems 
DuoSet® ELISA 
Development System Human 
PD-L1/B7-H1 
DY156 R&D Systems 
 
2.1.4. Chemicals and reagents 
Table 12: Chemicals and reagents 
Equipment Manufacturer Catalog No./Part 
No. 
Alkopharm 70 L. Brüggemann KG, 
Heilbronn, Germany 
 
FBS Supreme, South America 
origin, 




Bovine Serum Albumin (BSA) Sigma-Aldrich, Steinheim, 
Germany 
A7030-100G 





FACS lysing solution BD Biosciences 349202 
FoxP3 buffer set A BD Biosciences 51-9005451 
FoxP3 buffer set B BD Biosciences 51-9005450 
BD FACSFlow™ BD Biosciences 342003 
FACS Rinse BD Biosciences 340346 
FACS Clean BD Biosciences 340345 
Triton® X-100  Sigma-Aldrich, Steinheim, 
Germany 
T8787-250ML 
Human PD-1 Standard R&D Systems 842904 
Human B7-H1 Standard R&D Systems 843766 
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Streptavidin-HRP  R&D Systems 890803 
Color Reagent A (H2O2) R&D Systems DY999 
Color Reagant B 
(Tetramethylbenzidine) 
R&D Systems DY999 
Sulphuric acid  Sigma-Aldrich, St. Louis, 
MO, USA oder Steinheim, 
Germany 
339741-100ML 
Millipore water   
2.1.5. Buffers and solutions 
Table 13: Buffers and solutions 
Equipment Concentration Manufacturer 
FACS Buffer FCS 1:9 in PBS  
FACS lysing buffer FACS lysing solution 1:9 in 
H2O 
BD Biosciences 
Buffer A Component A 1:10 in H2O BD Biosciences 
Buffer C Component B 1:50 in 
buffer A 
BD Biosciences 
Wash buffer 0.05% Triton® X-100 in 
PBS 
 
Reagent diluent 1% BSA in PBS  
Substrate solution 1:1 mixture of Color 
Reagent A and Color 
Reagent B 
R&D Systems 
Stop Solution  2 N H2SO4  
 
2.1.6. Antibodies 
Table 14: Antibodies 
Antibody Company Catalog No./Part No.  
IgG1-FITC BD Biosciences 345815 
IgG1-PE BD Biosciences 345816 
IgG1-PerCP BD Biosciences 345817 
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IgG1-APC Caltag/Invitrogen MG105 
CD94-FITC BD Biosciences 555888 
CD56-FITC BD Biosciences 345811 
CD4-FITC BD Biosciences 555346 
CD8-FITC BD Biosciences 555366 
CD56-PE BD Biosciences 345812 
CD19-PE BD Biosciences 555413 
CD16-PE BD Biosciences 555407 
NKG2D-PE R&D Systems FAB139P 
NKp30-PE Beckman Coulter PN IM 3709 
NKp46-PE Beckman Coulter PN IM 3711 
CD8-PE BD Biosciences 555367 
FoxP3-PE BD Biosciences 560046 
CD3-PerCP BD Biosciences 345766 
CD45-APC Caltag/Invitrogen MHCD4505 
CD69-APC BD Biosciences 340560 
CD56-APC BD Biosciences 555518 
CD25-APC BD Biosciences 340907 
Human PD-1 Capture 
Antibody 
R&D Systems 842902 
Human PD-1 Detection 
Antibody 
R&D Systems 842903 
Human B7-H1 Capture 
Antibody 
R&D Systems 843764 
Human B7-H1 Detection 
Antibody 
R&D Systems 843765 
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2.1.7. Software 
Table 15: Software 
Software Version Manufacturer 
BD CellQuest™ Pro 6.0 MacApp® R15.1 BD Biosciences 
Gen5 11 BioTek, Winooski, VT, USA 
Microsoft® Excel for Mac 16.39  Microsoft 
IBM SPSS Statistics 26 IBM 
 
2.2. Methods 
2.2.1. Collection of patient databases 
This project is part of the prospective multicentric observational cohort study 
HNprädBio of the Deutsches Konsortium für Translationale Krebsforschung (DKTK) 
which focuses on the validation of the prognostic impact of potential biomarkers 
on locoregional control of locally advanced head and neck cancer. This study of 
the DKTK is registered at ClinicalTrials.gov under the registration number 
NCT02059668. Launch of the study took place in March 2014 and total enrollment 
of 550 participants was estimated. 
Validation of certain biomarkers to predict the effect of chemoradiotherapy in 
patients with cancer of the head and neck is the aim of the study. Enrolled patients 
suffer from locally advanced squamous cell carcinoma of the oral cavity, 
oropharynx or hypopharynx. Their treatment schedule is equal to the standard of 
care according to the center of treatment. The HNprädBio study consists of two 
patient groups: Patients who receive primary chemoradiotherapy and patients 
who receive adjuvant chemoradiotherapy. This project only focuses on patients 
who are treated with primary approach. 
2.2.1.1. Inclusion criteria 
Patients with locally advanced squamous cell carcinoma of the oral cavity, 
oropharynx or hypopharynx are included in the study design if they meet all of the 
defined inclusion criteria (see Table 16). 
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Table 16: Inclusion criteria 
Inclusion criteria for HNprädBio 
HNSCC stage 3 or 4 without distant metastases 
Able to take part regularly in the aftercare of cancer treatment 
Scheduled irradiation dose: 69-72 Gy  
Scheduled time of treatment: 38-54 days 
Scheduled simultaneous chemotherapy with cisplatin  
(scheduled cumulative dosage is a minimum of 180mg/m2 of the body surface, 
partitioned into several single dosages) 
General condition according to WHO 0-2 
Written consent of the patient 
 
2.2.1.2. Exclusion criteria 
If one of the criteria in Table 17 is met, patients are excluded from the DKTK study.  
Table 17: Exclusion criteria 
Exclusion criteria for HNprädBio 
Distant metastases 
Contraindication for cisplatin-based chemotherapy 
Induction chemotherapy 
Scheduled irradiation dose: < 69 Gy and > 72 Gy 
Scheduled time of treatment: < 38 days or > 54 days  
Prior irradiation in the area of the head and neck, if there is risk in overlapping of 
radiation treatment volume 
Additional tumor disease, if treatment is necessary at the time or probably within the 
following 2 years or if this tumor disease has impact on the prognosis of the patient 
Other diseases or conditions which reduce the survival probability to less than 2 years 
or interfere with the aftercare in this 2-year timeframe 
Pregnancy or lactation 
Patient is not able to give consent or written consent is missing 
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2.2.1.3. Patient database  
Starting in 2014, blood samples are gained from patients suffering from locally 
advanced HNSCC. All DKTK facilities taking part in the multicenter study supply 
blood samples. Hence blood samples are collected at the Ludwig-Maximilian’s 
university hospital in Munich, Charité university hospital in Berlin, University 
Hospital Carl Gustav Carus in Dresden, university hospital in Heidelberg, university 
hospital in Frankfurt, university hospital in Essen, university hospital in Freiburg 
and university hospital in Tübingen besides the Klinikum Rechts der Isar in Munich. 
Blood samples are scheduled to be taken at five and six different time points, 
respectively: Before treatment (R0), during chemoradiotherapy (R1), 3 months 
after chemoradiotherapy (R2), 6 months after chemoradiotherapy (R3),  
12 months after chemoradiotherapy (R4) and in case recurrence or metastases are 
suspected (R5). Patients are surveilled over a time frame of two years. Blood from 
healthy donors is taken at one time point (see Figure 2). 






Whole blood samples are collected in EDTA KE tubes, sent by DHL Express to the 
Klinikum Rechts der Isar in Munich and further regularly prepared for analysis one 








3 months  
after irradiation 
12 months  
after irradiation 
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for 15min at 4°C. Plasma samples are stored in 500µL aliquots at -80°C, whereas 
1.5mL of EDTA blood is used for FACS analysis. 
Many HNSCC patients do not reliably keep their radiation and aftercare 
appointments. Additionally, some patients sadly pass away during treatment or 
aftercare. Therefore, only a partial data set can be gained for some patients. 
Consequently, patients are chosen for analysis after FACS acquisition according to 
the completion of at least four blood draws in case of no recurrence. All patients 
who experienced recurrence of HNSCC are included. This results in a total number 
of 117 blood sample donors: Patients with no tumor recurrence (n = 80), patients 
with tumor recurrence (n = 27) and healthy donors (CTRL) (n = 10) (see Table 18).  
Table 18: Blood sample donors 
 No recurrence Recurrence CTRL 
Number of samples 80/107 (75%) 27/107 (25%) 10 
CTRL = healthy blood donors 
As a next step, samples which are indicative of poor lysis are manually excluded 
after FACS analysis. For the recurrence group, R4 samples are not further included 
in the analysis since the sample size of 5 is too small to be comparative. The small 
sample size might be an indicator that recurrence often occurs before the R4 time 
point of treatment aftercare. An overview of the distribution of samples across 
patient groups and time points of blood draw is outlined in Table 19. 
Table 19: Number of samples for each time point of blood draw 
 Time point No recurrence Recurrence 
Number of samples R0 71 22 
 R1 71 16 
 R2 66 20 
 R3 71 13 
 R4 75 - 
 R5 - 26 
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2.2.2. Analysis of the immune phenotype with FACS 
Multi-color fluorescence activated cell sorting (FACS) analysis is a popular 
biotechnological method which allows to rapidly count and sort cells depending 
on their expression of specific cell surface molecules. Antibodies specific to the cell 
surface molecule are used to detect a certain cell population in solution. Detection 
antibodies are conjugated with a fluorophore. Light scatter and fluorescence 
intensity are measured as the suspended cells are passing through a laser light 
beam. Counting and differentiation between the cell populations is hence possible 
by combining several suitable detection antibodies. [194, 195] Consequently, 
differences in the circulating immune cell composition of healthy donors and 
HNSCC patients can be explored by FACS analysis.  
2.2.2.1. FACS acquisition  
The amount and density of receptors on individual subgroups of lymphocytes are 
measured as well as the expression of the early activation marker CD69 on certain 
cell types using EDTA blood samples. FACS (FACS Calibur flow cytometer,  
BD Biosciences) is performed the day after the blood draw with 1.4mL EDTA blood. 
100µL EDTA blood is pipetted into each of the 14 test tubes. Then detection 
antibodies are added to the test tubes in certain combinations (see Table 20). After 
incubation for 15 minutes in the dark at room temperature, tubes are washed by 
adding 2mL of 10% FCS in Dulbecco’s Phosphate Buffered Saline Sigma (PBS)  
(FACS buffer) and centrifugation at 500xg for 5 minutes at room temperature. 
Afterwards 2mL of lysing buffer solution (1:9 dilution of BD lysing Solution  
Cat. 349202 with millipore H2O) are pipetted into each tube and incubated for  
10 minutes at room temperature without exposition to light. After centrifugation 
at 500xg for 5 minutes at room temperature, the tubes are washed again with  
3mL of FACS buffer. Then 500µL of FACS buffer are added to tubes 1-11 for 
resuspension of the pellet before performing flow cytometry up to a count of 
50,000 cells within the following hour. Furthermore, tubes 12-14 are stained 
separately to characterize regulatory T cells. To fixate the cells, they are incubated 
for 10 minutes with 2mL of buffer A solution (1:10 dilution of component A  
with H2O). 
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Table 20: Overview of antibody combinations in tubes 1-14 for FACS analysis of EDTA blood from 
HNSCC patients and healthy donors 
































































































































































































































































Afterwards the tubes are centrifugated at 500xg for 5 minutes at room 
temperature and washed with 3mL FACS buffer. 0.5mL of buffer C solution  
(1:50 dilution of component B with buffer A) serve to permeabilize the cells during 
incubation for 30 minutes. Following two washing steps with 2mL FACS buffer and 
centrifugation at 500xg for 5 minutes, tubes 12-14 are stained with  
PE-conjugated antibodies (Treg transcription factor FoxP3-PE and IgG1-PE as a 
negative control). After two washing steps and addition of 500µL FACS buffer for 
pellet resuspension tubes 12-14 are analyzed by FACS acquisition. 
2.2.2.2. Analysis of FACS data 
After FACS acquisition, the data is saved as listmode data according to the 
standard formatting Flow Cytometry Standard and consequently analyzed with  
BD CellQuest™ Pro Software Version 6.0. In a Forward versus side scatter  
(FSC vs SSC) dot plot a scatter gate (R 1) is laid upon the lymphocytes. Cell debris 
and cell aggregates are left out of further analysis, only cells in the lymphocyte 
gate are included (see Figure 3). Histograms are used to display the isotype control 
(tube 1) of the four different fluorescent channels (FITC, PE, APC and PerCP). 
Overlapping populations and background noise are identified by a marker (M1) for 
each fluorescent channel as seen in Figure 4.  
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Figure 3: FACS gating of lymphocytes within peripheral blood (EDTA) 
 
X-axis: forward scatter, Y-axis: side scatter. Lymphocytes are gated as R1. 
Figure 4: Histogram of the isotype control with marker M1 for the PE fluorescent channel (tube 1) 
 
X-axis: intensity of expression of mouse IgG1-PE, Y-axis: counts of cells which stain positive for 
mouse IgG1-PE. M1 is placed as a marker to identify overlapping of fluorescent channels and 
background noise. 
By means of the lymphocytes defined by gate R1, regions within lymphocyte 
subpopulations are defined for tubes 2-10. Outputs are displayed in form of 
percentage of total count of lymphocytes (% Gated) within the four quadrants. 
The quadrants are arranged so that the upper left quadrant (UL) displays NK cells, 
the upper right quadrant (UR) displays NK-like T cells and the lower right quadrant 
(LR) displays T cells. T cells are defined by expression of CD3. NK cells are defined 
by CD56 positivity, whereas NK-like T cells display both CD56 and CD3 upon their 
cell surface (see Figure 5). For tube 3 an additional dot plot displays B cells in the 
UL quadrant identified by the CD19 cell surface marker, as displayed in Figure 6. 
Additional histograms are used for tubes 5-7 to display the expression of early 
activation marker CD69 on NK cells, T cells and NK-like T cells after placing regions 
upon the forementioned lymphocyte subsets (see Figure 7). 
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The forementioned lymphocyte subpopulations are defined as regions in dot plots 
and CD69 APC is displayed separately within a histogram for each tube and each 
of those cell types. Outputs gathered are percentage of CD69+ cells (% Gated) and 
geometric mean fluorescence intensity (gMFI) of CD69+ cells (see Figure 8). 
Figure 5: Dot plot of NK cells, T cells and NK-like T cells (tube 2-10) 
 
X-axis: cells which stain positive for CD3-PerCP, Y-axis: cells which stain positive for CD56-PE,  
UL: quadrant with NK cells, UR: quadrant with NK-like T cells, LR: quadrant with T cells,  
LL: quadrant with cells excluded by isotype control 
Figure 6: Dot plot of B cells and T cells (tube 3) 
 
X-axis: cells which stain positive for CD3-PerCP, Y-axis: cells which stain positive for CD19-PE,  
UL: quadrant with B cells, LR: quadrant with T cells, LL: quadrant with cells excluded by  
isotype control 
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Figure 7: Placement of FACS regions for lymphocyte subpopulations (tubes 5-7): NK cells, T cells 
and NK-like T cells 
 
X-axis: cells which stain positive for CD3-PerCP, Y-axis: cells which stain positive for CD56-PE,  
UL: quadrant with NK cells, UR: quadrant with NK-like T cells, LR: quadrant with T cells 
Figure 8: Histogram of CD69 positivity with marker M1 for the APC fluorescent channel 
 
X-axis: intensity of expression of CD69-APC upon a specified lymphocyte subpopulation,  
Y-axis: counts of cells which stain positive for CD69-APC. M1 is placed as a marker to factor out 
overlapping of fluorescent channels and background noise based on the isotype control for the 
APC fluorescent channel. 
The results are manually transferred to an Excel sheet. Obtained data is 
summarized in Table 21. Mean value of % Gated (NK cells, T cells, NK-like T cells; 
tube 2-10) and CD69+ gMFI (tube 5-7) is calculated for each lymphocyte 
subpopulation for further analysis. APC isotype % Gated is deducted from  
CD69+ % Gated values, subsequently mean value of CD69+ % Gated is calculated 
for NK cells, T cells and NK-like T cells (tube 5-7). To improve the comparability 
between the blood samples, lymphocyte subpopulations are calculated so that  
NK cells, T cells, NK-like T cells and B cells add up to 100 percent. The obtained 
values are used for further statistical analysis. 
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Table 21: Obtained data from FACS analysis 
 
value tube 
Isotype PE M1 (% Gated) 1 
Isotype FITC M1 (% Gated) 1 
Isotype APC M1 (% Gated) 1 
Isotype PerCP M1 (% Gated) 1 
NK cells (% Gated) 2-10 
T cells (% Gated) 2-10 
NK-like T cells (% Gated) 2-10 
B cells (% Gated) 3 
CD69+ NK cells (% Gated) 5-7 
CD69+ T cells (% Gated) 5-7 
CD69+ NK-like T cells (% Gated) 5-7 
CD69+ gMFI for NK cells 5-7 
CD69+ gMFI for T cells 5-7 
CD69+ gMFI for NK-like T cells 5-7 
 
2.2.3. Detection of soluble immune checkpoints with ELISA 
Enzyme-linked immunosorbent assays (ELISA) are used to detect specific 
molecules in body fluids. The immunoassay is based on the key-lock principle. For 
this study, a sandwich ELISA-technique is deployed. Two different antibodies are 
needed which both bind to the antigen at distinct locations. First, an ELISA plate is 
coated with a capture antibody which is subsequently immobilized. A blocking 
solution is added to block free binding positions. Diluted patient samples and 
standards of prospected antigens are added. The antigen consequently binds to 
the capture antibody. Afterwards an added enzyme-marked detection antibody 
binds to the antigen. The concentration of the emerging complex can ultimately 
be measured by a color reaction. [196, 197] In this study two different ELISA setups 
serve to determine the level of soluble human PD-1 and human PD-L1 in plasma 
samples of patients and healthy donors.  
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The day before the experiment the wash buffer and reagent diluent are prepared. 
To obtain the wash buffer 250µL of Triton® X-100 are added per 500mL of PBS. For 
the reagent diluent 1g of bovine serum albumin is dissolved per 100mL PBS by 
using a heater (Heater MR Hei-Standard). 
2.2.3.1. Programmed cell death protein 1 (PD-1) 
Human PD-1 concentration in the samples is measured with the DuoSet® ELISA 
Development System Human PD-1 from R&D Systems. The manufacturer’s 
protocol is strictly followed. The day before the experiment the capture antibody 
is diluted in PBS to obtain the working concentration of 1µg/mL. Each well of a 
Costar 3590 96 Well EIA/RIA Plate is coated with 100µL of the diluted capture 
antibody. The plate is sealed with Plate sealers Easyseal™ Transparent 79x135mm 
and incubated over night at 26°C without exposition to light.  
The following day the 96-well plate is washed three times by filling each well with 
300µL wash buffer and subsequently eliminating fluids by pouring out into the sink 
and tapping out on clean paper towels (equals one washing step). Afterwards each 
well is blocked by adding 300µL of the reagent diluent (1% BSA solution) and 
incubating for at least one hour at 26°C without light exposition after sealing. 
During this time Human PD-1 Standard is diluted in reagent diluent to receive a 
seven-point standard curve with concentrations between 156 and 10,000pg/mL. 
The patients‘ plasma samples and a control plasma sample of a healthy donor are 
diluted in a ratio of 1:4 in reagent diluent. 100µL of each sample and the seven 
standard concentrations are applied in duplicates to the plate after a washing step. 
Empty wells are filled with 100µL of reagent diluent. The plate is then sealed and 
placed in the incubator at 26°C for two hours. Following the incubation another 
washing step follows. The detection antibody is diluted in reagent diluent to the 
working concentration of 200ng/mL and hence 100µL are added to each well. The 
plate is then sealed and incubated in the incubator at 26°C for two hours. After a 
washing step 100µL of Streptavidin-HRP diluted in reagent diluent to the working 
concentration of a 200-fold dilution are added to the  
96 wells. Afterwards the plate is sealed and incubated in the incubator at 26°C for 
20 minutes. Another washing step follows the incubation. Then Color Reagent A 
(H2O2) and Color Reagent B (Tetramethylbenzidine) are mixed in equal parts. 
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100µL of this Substrate Solution are pipetted into each well, the plate is sealed and 
incubated at 26°C for 20 minutes without exposition to light. Consequently, 50µL 
of Stop Solution (2 N H2SO4) are added to every well. Immediately afterwards the 
optical density is measured at 450 and 570nm with the ELx808™ Absorbance 
Microplate Reader.  
2.2.3.2. Programmed cell death ligand 1 (PD-L1)  
DuoSet® ELISA Development System Human PD-L1/B7-H1 from R&D Systems is 
used to measure human PD-L1 concentration in the plasma samples. The 
manufacturer’s protocol is strictly followed. The capture antibody is diluted in PBS 
to the working concentration of 4µg/mL one day before the experiment. 100µL of 
the diluted capture antibody are given into each well of a Costar 3590  
96 Well EIA/RIA Plate. Plate sealers Easyseal™ Transparent 79x135mm are used to 
seal the plate during incubation over night at 26°C without exposition to light. 
First, the 96-well plate is washed three times with 300µL wash buffer after 
incubation. The fluids are eliminated by pouring out into the sink and tapping out 
on clean paper towels (equals one washing step). For the purpose of blocking, 
300µL of the reagent diluent (1% BSA solution) are added to each well. After 
applying a plate sealer, the plate is incubated for a minimum of one hour at 26°C 
without exposition to light. Concurrently, Human PD-L1 Standard is diluted in 
reagent diluent to gain a seven-point standard curve with concentrations between 
156 and 10,000pg/mL. Also, the plasma samples of patients and healthy donors 
are diluted in reagent diluent in a ratio of 1:4. A sample of a healthy donor is used 
as a control plasma sample. Following another washing step 100µL of the diluted 
samples and the seven standard concentrations are pipetted in duplicates into the 
plate’s wells. 100µL of reagent diluent fills the remaining empty wells. The plate is 
incubated at 26°C for two hours after attaching a plate sealer. After a washing step 
the detection antibody is diluted in reagent diluent to the working concentration 
of 50ng/mL. 100µL of diluted detection antibody are added to each well, then the 
plate is sealed and incubated at 26°C for two hours without exposition to light. 
Another washing step follows. 100µL of a 200-fold dilution of Streptavidin-HRP in 
reagent diluent are given to each of the 96 wells. The plate is sealed and rests for 
20 minutes in the incubator at 26°C. After a washing step Color Reagent A (H2O2) 
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and Color Reagent B (Tetramethylbenzidine) are equally mixed, afterwards  
100µL of this Substrate Solution are given into every well. The plate is sealed and 
incubated for 20 minutes at 26°C without any light exposure. 50µL of Stop Solution 
(2 N H2SO4) are given to each well. An ELx808™ Absorbance Microplate Reader is 
used to instantly measure the optical density at 450 and 570nm. 
2.2.3.3. Analysis of ELISA data 
After gaining the results for the absorbance at 450nm and 570nm, the results are 
transferred to Microsoft Excel. The 570nm readings are hence subtracted from the 
450nm readings to correct for optical imperfections in the plate. Mean value of 
the empty wells is calculated. This blank value is subtracted from the results of the 
other wells. Subsequently, the standard curve is drawn to obtain the formula to 
calculate the concentrations of the patients’ and healthy donors’ samples. Since 
the plasma samples are diluted 1:4, the calculated concentration values are 
multiplicated by 4. As a last step, mean values of the duplicates are calculated to 
obtain final results for PD-1 and PD-L1 plasma concentration. Measuring range of 
both ELISA protocols is specified with 157-10,000pg/mL. 
2.2.4. Statistical analysis 
Statistical analysis is performed using the IBM SPSS statistical analysis software 
(free trial software package for iOS, Version 1.0.0.1508, SPSS Inc.,  
Chicago, IL, USA). A 95% confidence interval (95% CI) is assumed, statistical 
significance is determined by two-tailed p-values with p ≤ 0,05 (p ≤ 0.05 = *,  
p ≤ 0.01 = **, p ≤ 0.001 = ***). Due to a very small sample size of 5 patients,  
R4 samples of the recurrence group are not further included in the analysis, 
instead R4 and R5 samples are brought together to time point R4/R5 for an 
improved comparability. 
Statistical analysis is put together by nonparametric univariate and multivariate 
analysis. To detect potential differences, measured data of different time points 
of blood draw (R0, R1, R2, R3, R4/R5) is compared using Wilcoxon Signed Ranks 
test and Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks for 
related samples. Analysis of independent samples to determine significances 
between patient groups (CTRL, No Recurrence, Recurrence) consists of  
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Mann-Whitney U test and Independent-Samples Kruskal-Wallis test. 
Subsequently, Post-hoc-tests (Dunn-Bonferroni) are performed for significant 
results of the Related-Samples Friedman’s Two-Way Analysis and  
Independent-Samples Kruskal-Wallis test. Simple bar graphs express the 
differences throughout time progression as well as in comparison within different 
patient groups.   
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3. Results 
The study’s patient collective consists of 107 patients suffering from HNSCC of 
whom 27 experience a recurrence within the observational period and 10 healthy 
donors (control group, CTRL), as portrayed in Table 18. Age and gender as well as 
general constitution of all participants are unknown. Patients undergo radiation 
therapy in combination with cisplatin-based chemotherapy, healthy donors are 
untreated. Disease- and treatment-related effects on lymphocyte subpopulations, 
expression of early activation marker CD69 on certain lymphocyte subpopulations 
as well as expression of immune checkpoint PD-1 and its ligand PD-L1 are 
consequently investigated in the peripheral blood within a follow-up period of  
2 years. 
3.1. Radiation therapy induced effects on lymphocyte subpopulations 
To obtain improved comparability between patient samples, lymphocyte 
subpopulations are adjusted so that NK cells, T cells, NK-like T cells and B cells 
consistently add up to 100 percent. For the control group, solely one blood sample 
is taken. Mean percentage of NK cells is under 10 percent, while T cells add up to 
almost 70 percent. NK-like T cells sum up to 3.5 percent and mean percentage of 
B cells is around 19 percent (see Figure 9). 
Figure 9: Composition of lymphocyte subpopulations within the CTRL group  
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For patients without recurrence five blood samples are scheduled to be taken in 
total: Before treatment (R0), during chemoradiotherapy (R1), 3 months after 
chemoradiotherapy (R2), 6 months after chemoradiotherapy (R3) and 12 months 
after chemoradiotherapy (R4). Mean percentage of NK cells amounts to 
approximately 12 percent before radiation therapy. Consecutively after 
undergoing radiotherapy, mean percentage of NK cells levels up to around  
20 percent. Before and during radiation therapy, T cells account for a mean 
percentage over 70 percent, after radiation therapy the percentage shrinks to 
around 60 percent and continuously sinks to under 60 percent one year after 
irradiation. NK-like T cells sum up to almost 5 percent before radiotherapy and are 
elevated during irradiation and in the following time (6.2% to 7.3%). Before 
undergoing therapy, mean percentage of B cells of patients without recurrent 
disease is situated around 11 percent. During irradiation, the percentage shrinks 
to 6 percent and consecutively recovers after therapy (7.5% to 13.2%)  
(see Figure 10). 
Figure 10: Composition of lymphocyte subpopulations within the No Recurrence group 
 
For patients experiencing recurrent disease five blood samples are used for further 
analysis: Before treatment (R0), during chemoradiotherapy (R1), 3 months after 
chemoradiotherapy (R2), 6 months after chemoradiotherapy (R3) and in case of 
recurrence (R5). Mean percentage of NK cells accounts for about 12 percent 
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before patients undergo therapy. During irradiation mean percentage of NK cells 
rises to approximately 14 percent and consecutively after treatment to 
percentages between 17.7 and 22.7 percent. Mean percentage of T cells accounts 
for almost 69 percent before radiotherapy, after irradiation the percentage 
shrinks to 59 percent. After recurrence mean percentage of T cells is located at  
55 percent. NK-like T cells amount to over 6 percent before radiotherapy and are 
especially elevated during irradiation (10.4%). After the treatment they account 
for 8.1% to 9.4%. Patients suffering from recurrent disease initially show a mean 
percentage of B cells of 12.6 percent. During radiotherapy, the percentage sinks 
to 8.8 percent, after the treatment B cells recover and amount to percentages 
from 12.4% to 14.2% (see Figure 11).  
Figure 11: Composition of lymphocyte subpopulations within the Recurrence group 
 
In conclusion, patients suffering from HNSCC present with a higher NK cell and  
NK-like T cell mean percentage in comparison with healthy donors. Furthermore, 
mean percentage of B cells is notably reduced in patients with head and neck 
cancer. HNSCC patients show similar progression within the lymphocyte 
subpopulations regardless of tumor recurrence. 
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3.1.1. NK cells 
When analyzing data between groups for each time point (R0, R1 R2, R3, R4/R5), 
Kruskal-Wallis test is used to show differences in the mean percentage (%) of  
NK cells from time point R2 to R4/R5 (R2: ꭓ2= 13.429, p = 0.001, R3: ꭓ2 = 15.121,  
p = 0.001, R4/R5: ꭓ2 = 16.839, p ≤ 0.001).  A subsequent Dunn-Bonnferroni test 
confirms that the mean percentage (%) of NK cells is significantly higher for the  
No Recurrence group (R2: z = -3.617, p = 0.001, R3: z = -3.882, p = ≤ 0.001,  
R4: z = -3.869, p ≤ 0.001) and Recurrence group (R2: z = -3.133, p = 0.005,  
R3: z = -2.573, p = 0.03, R5: z = -3.912, p ≤ 0.001) compared with healthy donors 
(CTRL) (see Figure 12). 
Figure 12: Variances between patient groups in the mean percentage of NK cells for all blood 
draws R0 to R4/R5 analyzed by multivariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Performing univariate analysis, at time point R1 percentage of NK cells is higher 
for the No Recurrence group (Mdn = 12.26%, Mann-Whitney-U-Test: z = -2.254,  
p = 0.024) in relation to healthy donors (Mdn = 8.84%). Regarding time points  
R2 to R4/R5, both No Recurrence (R2: Mdn = 18.39%, Mann-Whitney-U-Test:  
z = -3.565, p ≤ 0.001, R3: Mdn = 20.05%, Mann-Whitney-U-Test: z = -3.762,  
p ≤ 0.001, R4: Mdn = 20.37%, Mann-Whitney-U-Test: z = -3.942, p ≤ 0.001) and 
Recurrence group (R2: Mdn = 17.85%, Mann-Whitney-U-Test: U = 26.500,  
p = 0.001, R3: Mdn = 19.78%, Mann-Whitney-U-Test: U = 16.000, p = 0.002,  
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R5: Mdn = 23.10%, Mann-Whitney-U-Test: z = -3.673, p ≤ 0.001) show a higher  
NK cell percentage compared with CTRL (Mdn = 8.84%) (see Figure 13). 
Figure 13: Variances between patient groups in the mean percentage of NK cells for all blood 
draws R0 to R4/R5 analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Looking at the changes over the time points of blood draw, mean percentage of 
NK cells differs significantly within the No Recurrence group (Friedman test:  
ꭓ2= 45.872, p ≤ 0.001, n = 47). A Dunn-Bonnferroni Post-hoc test confirms 
significant elevation of the NK cell mean percentage when comparing time point 
R0 with time point R2 (z = -1.468, padj ≤ 0.001), time point R3 (z = -1.766,  
padj ≤ 0.001) and time point R4 (z = -1.851, padj ≤ 0.001). The same observation is 
made when comparing time point R1 with time point R3 (z = -1.000, padj = 0.022) 
and time point R4 (z = -1.085, padj = 0.009) (see Figure 14). Regarding the 
Recurrence group, the Friedman Test is renounced in regard of a too small valid 
sample size of 4. 
The Wilcoxon test aids to determine significant differences in the mean 
percentage of NK cells between single time points in the peripheral blood of 
patients. Regarding the No Recurrence group, mean percentage of NK cells grows 
continuously over time progression. Significant differences between time point R0 
(Mdn = 11.29%) and time point R1 (Mdn = 12.26%, z = -2.258, p = 0.024, n = 144), 
time point R2 (Mdn = 18.39%, z = -5.874, p ≤ 0.001, n = 139), time point R3  
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(Mdn = 20.05%, z = -5.989, p ≤ 0.001, n = 144) and time point R4 (Mdn = 20.37%, 
z = -6.159, p ≤ 0.001, n = 148) are confirmed with Wilcoxon test as well as 
differences between time point R1 (Mdn = 12.26%) and time point R2  
(Mdn = 18.39%, z = -3.849, p ≤ 0.001, n = 137), time point R3 (Mdn = 20.05%,  
z = -3.898, p ≤ 0.001, n = 142) and time point R4 (Mdn = 20.37%, z = -4.564,  
p ≤ 0.001, n = 146). Additionally, a significant elevation of NK cell percentage can 
be spotted between time point R2 (Mdn = 18.39%) and time point R4  
(Mdn = 20.37%, z = -2.503, p = 0.012, n = 141). Merely a trend towards a higher 
mean percentage at time point R3 (Mdn = 20.05%, z = -1.887, p = 0.059, n = 137) 
in comparison with time point R2 (Mdn = 18.39%) is noted (see Figure 15). 
Figure 14: Variances between time points of blood draw in the mean percentage of NK cells for 
the No Recurrence group analyzed by multivariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Analyzing the Recurrence group, the mean percentage of NK cells is accordingly 
growing throughout time progression. In comparison with time point R0  
(Mdn = 10.84%), mean percentages at time point R1 (Mdn = 11.43%, z = -2.480,  
p = 0.013, n = 38), time point R2 (Mdn = 17.85%, z = -3.070, p = 0.002, n = 42) and 
time point R5 (Mdn = 23.10%, z = -3.782, p ≤ 0.001, n = 48) differ significantly. 
Further significances can be detected between time point R5 (Mdn = 23.10%) and 
time point R1 (Mdn = 11.43%, z = -3.154, p = 0.002, n = 42), time point R2  
(Mdn = 17.85%, z = -2.938, p = 0.003, n = 46) and time point R3 (Mdn = 19.78%,  
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z = -3.040, p = 0.002, n = 39) (see Figure 16).  
Figure 15: Variances between time points of blood draw in the mean percentage of NK cells for 
the No Recurrence group analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Figure 16: Variances between time points of blood draw in the mean percentage of NK cells for 
the Recurrence group analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Consecutively, mean percentage of NK cells shows higher values for HNSCC 
patients after irradiation therapy in comparison with healthy donors. 
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Furthermore, the percentage grows over time within the No Recurrence group as 
well as in the Recurrence group.  
3.1.2. T cells 
As a following step, we investigated the mean percentages of T cells.  
Kruskal-Wallis test shows that the mean percentage (%) of T cells differs 
significantly for time points R2, R3 and R4/R5. (R2: ꭓ2 = 9.067, p = 0.011,  
R3: ꭓ2 = 6.811, p = 0.033, R4/R5: ꭓ2 = 14.040, p = 0.001). A following  
Dunn-Bonnferroni Post-hoc test is conducted. At time point R2, mean percentage 
of the Recurrence group is lower when comparing with the No Recurrence  
(z = 2.658, p = 0.024) and CTRL group (z = 2.565, p = 0.031). For time point R3, 
mean percentage (%) is lower within the No Recurrence compared with the CTRL 
group (z = 2.515, p = 0.036), while at time point R4 mean percentage (%) is lower 
for both No Recurrence (z = 3.187, p = 0.004) and Recurrence group  
(z = 3.731, p = 0.001) compared with healthy donors (see Figure 17). 
Figure 17: Variances between patient groups in the mean percentage of T cells for all blood 
draws R0 to R4/R5 analyzed by multivariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
T cells are significantly reduced in patients of the No Recurrence group  
(Mdn = 74.60%, Mann-Whitney-U-Test: z = -1.974, p = 0.024) compared with 
healthy donors (Mdn = 71.34%) at time point R1. For time point R2, the Recurrence 
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group (Mdn = 59.94%) reveals a lower T cell percentage compared with patients 
without recurrent disease (Mdn = 66.885%, Mann-Whitney-U-Test: z = -2.622,  
p = 0.009) and the CTRL group (Mdn = 71.335%, Mann-Whitney-U-Test:  
U = 39.000, p = 0.006). T cell percentage is higher for CTRL (Mdn = 71.34%) at time 
point R3 and R4/R5 in comparison with No Recurrence (R3: Mdn = 62.45%,  
Mann-Whitney-U-Test: z = -2.498, p = 0.012, R4: Mdn = 59.09%,  
Mann-Whitney-U-Test: z = -3.383, p = 0.001) and Recurrence (R3: Mdn = 64.78%, 
Mann-Whitney-U-Test: U = 28.000, p = 0.021, R5: Mdn = 54.12%,  
Mann-Whitney-U-Test: z = -3.179, p = 0.001) (see Figure 18). 
After initiation of radiation therapy, the mean percentage of T cells shrinks 
significantly within the No Recurrence group (Friedman test: ꭓ2= 79.319, p ≤ 0.001, 
n = 47). A Dunn-Bonnferroni Post-hoc test confirms significant differences for time 
point R0 in relation to time point R2 (z = 1.021, padj = 0.017), time point R3  
(z = 1.830, padj ≤ 0.001) and time point R4 (z = 2.426, padj ≤ 0.001). Significant decline 
is also ascertained for time point R3 (z = 1.574, padj ≤ 0.001) and time point R4  
(z = 2.170, padj ≤ 0.001) in comparison with time point R1. In relation to time point 
R2, T cells show a lower mean percentage at time point R4 (z = 1.404, padj ≤ 0.001) 
(see Figure 19). For the Recurrence group, Friedman test cannot deliver significant 
information due to the small valid sample size of 4. 
According to the Wilcoxon test, the mean percentage of T cells sinks continuously 
after radiation therapy regarding patients without recurrence. Significant 
differences can be reported for time point R0 (Mdn = 72.37%) in comparison with 
time point R2 (Mdn = 66.89%, z = -5.066, p ≤ 0.001, n = 139), time point R3  
(Mdn = 62.45%, z = -6.391, p ≤ 0.001, n = 144) and time point R4 (Mdn = 59.09%, 
z = -7.009, p ≤ 0.001, n = 148). When comparing time point R1 (Mdn = 74.60%) 
with time point R2 (Mdn = 66.89%, z = -4.438, p ≤ 0.001, n = 137), time point R3 
(Mdn = 62.45%, z = -5.787, p ≤ 0.001, n = 142) and time point R4 (Mdn = 59.09%, 
z = -6.608, p ≤ 0.001, n = 146) the decline is also significant. Same conclusion can 
be drawn between time point R2 (Mdn = 66.89%) in relation to time point R3  
(Mdn = 62.45%, z = -4.715, p ≤ 0.001, n = 137) and time point R4 (Mdn = 59.09%, 
z = -5.376, p ≤ 0.001, n = 141) as well as between time point R3 (Mdn = 62.45%) 
and time point R4 (Mdn = 59.09%, z = -2.986, p = 0.003, n = 146) (see Figure 20). 
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Figure 18: Variances between patient groups in the mean percentage of T cells for all blood 
draws R0 to R4/R5 analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Figure 19: Variances between time points of blood draw in the mean percentage of T cells for the  
No Recurrence group analyzed by multivariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
T cells are also sinking subsequently over the course of time in the peripheral 
blood of patients experiencing tumor recurrence. Significant differences become 
obvious between time point R0 (Mdn = 73.06%) and time point R2 (Mdn = 59.95%, 
z = -2.983, p = 0.003, n = 42), time point R3 (Mdn = 64.78%, z = -2.191, p = 0.028, 
n = 35) and time point R5 (Mdn = 54.12%, z = -3.945, p ≤ 0.001, n = 48). 
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Furthermore, significant results between time point R5 (Mdn = 54.12%) and time 
point R1 (Mdn = 70.12%, z = -2.844, p = 0.004, n = 42), time point R2  
(Mdn = 59.95%, z = -3.219, p = 0.001, n = 46) and time point R3 (Mdn = 64.78%,  
z = -3.110, p = 0.002, n = 39) exist (see Figure 21). 
Figure 20: Variances between time points of blood draw in the mean percentage of T cells for the 
No Recurrence group analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Figure 21: Variances between time points of blood draw in the mean percentage of T cells for the 
Recurrence group analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
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In conclusion, initial T cell percentages are similar throughout all patient groups. 
The mean percentage of T cells begins to sink following radiation therapy within 
patients suffering from HNSCC.  
3.1.3. NK-like T cells 
Considering NK-like T cells, solely a trend for differences between groups is 
obvious for time point R1 (ꭓ2 = 5.758, p = 0.056) for analysis with  
Kruskal-Wallis test (see Figure 22). 
Figure 22: Variances between patient groups in the mean percentage of NK-like T cells for all 
blood draws R0 to R4/R5 analyzed by multivariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
NK-like T cells are significantly elevated for patients suffering from recurrence 
(Mdn = 7.98%, Mann-Whitney-U-Test: U = 35.000, p = 0.017) when comparing 
with the control group (Mdn = 2.21%) at time point R1. At time point R2 mean 
percentage is significantly higher for the No Recurrence group (Mdn = 4.74%, 
Mann-Whitney-U-Test: z = -2.236, p = 0.025) and showing a higher trend for the 
Recurrence group (Mdn = 5.68%, Mann-Whitney-U-Test: U = 56.000, p = 0.055) in 
relation to CTRL (Mdn = 2.21%). Patients without recurrence experience a 
significantly higher NK-like T cell percentage at time point R3 (Mdn = 4.87%,  
Mann-Whitney-U-Test: z = -2.283, p = 0.022) and a higher trend at time point R4 
(Mdn = 4.62%, Mann-Whitney-U-Test: z = -1.910, p = 0.056) in comparison with 
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CTRL (Mdn = 2.21%) (see Figure 23). 
Figure 23: Variances between patient groups in the mean percentage of NK-like T cells for all 
blood draws R0 to R4/R5 analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Performing a Friedman test (ꭓ2 = 51.762, p ≤ 0.001, n = 47), a significantly higher  
NK-like T cell mean percentage can be observed for individuals of the  
No Recurrence group throughout all following time points (R1: z = -2.000,  
padj ≤ 0.001, R2: z = -1.979, padj ≤ 0.001, R3: z = -1.681, padj ≤ 0.001, R4: z = -1.255, 
padj = 0.001) in comparison with initial values at time point R0 (see Figure 24). The 
valid sample size of 4 is too small to draw a meaningful conclusion with the 
Friedman test for the Recurrence group. 
Similar to the Friedman test, the Wilcoxon test displays significant differences for 
the No Recurrence group between time point R0 (Mdn = 3.89%) in comparison 
with time point R1 (Mdn = 5.08%, z = -5.848, p ≤ 0.001, n = 144), time point R2 
(Mdn = 4.74%, z = -5.395, p ≤ 0.001, n = 139), time point R3 (Mdn = 4.87%,  
z = -5.727, p ≤ 0.001, n = 144) and time point R4 (Mdn = 4.62%, z = -5.072,  
p ≤ 0.001, n = 148) (see Figure 25).  
Cases of recurrence show a similar behavior, mean percentages of NK-like T cells 
vary significantly between time point R1 (Mdn = 7.98%, z = -2.856, p = 0.004,  
n = 38), time point R2 (Mdn = 5.68%, z = -2.765, p = 0.006, n = 42), time point R3 
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(Mdn = 4.37%, z = -2.395, p = 0.017, n = 35), time point R5 (Mdn = 4.84%,  
z = -3.068, p = 0.002, n = 48) on basis of time point R0 (Mdn = 3.57%)  
(see Figure 26). 
Figure 24: Variances between time points of blood draw in the mean percentage of NK-like T cells 
for the No Recurrence group analyzed by multivariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Figure 25: Variances between time points of blood draw in the mean percentage of NK-like T cells 
for the No Recurrence group analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Results   87 
 
Figure 26: Variances between time points of blood draw in the mean percentage of NK-like T cells 
for the Recurrence group analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
After radiation therapy, levels of NK-like T cells are significantly higher within 
patients without recurrence in comparison with healthy donors. For patients 
suffering from recurrence a similar observation is shown in the graphs even 
though a statistical significance can only be defined for the blood draw R1 during 
radiation therapy. In relation to initial values, the mean percentage of  
NK-like T cells is elevated at all following blood draws after initiating irradiation.  
3.1.4. B cells 
Next, we analyzed the mean percentage of B cells which demonstrate a different 
development. Performing a Kruskal-Wallis test significant differences between the 
patient groups can be determined (R0: ꭓ2 = 11.751, p = 0.003, R1: ꭓ2 = 22.571,  
p ≤ 0.001, R2: ꭓ2 =19.570, p ≤ 0.001, R3 ꭓ2 = 10.092, p = 0.006). At time point R4/R5 
mean percentage (%) of B cells is not significantly different between groups. A  
Dunn-Bonnferroni Post-hoc test reveals that for time point R0 the mean 
percentage of B cells in the CTRL group is significantly higher when comparing with 
the No Recurrence group (z = 3.386, p = 0.002) and Recurrence group (z = 2.970,  
p = 0.009). For time point R1, there is the same observation (No Recurrence:  
z = 4.304, p ≤ 0.001, Recurrence: z = 4.526, p ≤ 0.001). Regarding time point R2 this 
significant difference is only obvious between the CTRL and No Recurrence group 
(z = 4.131, p ≤ 0.001), as well as for time point R3 (z = 3.173, p = 0.005). For time 
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point R3 the Recurrence group shows a trend to a lower mean percentage (%) 
compared with the CTRL group (z = 2.342, p = 0.057) (see Figure 27).  
Figure 27: Variances between patient groups in the mean percentage of B cells for all blood 
draws R0 to R4/R5 analyzed by multivariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Mean percentage (%) of B cells is significantly reduced for the No Recurrence  
(Mdn = 10.35%, Mann-Whitney-U-Test: z = - 3.511, p ≤ 0.001) and Recurrence 
group (Mdn = 9.56%, Mann-Whitney-U-Test: z = - 2.561, p = 0.010) when 
comparing with the CTRL group (Mdn = 19.21%) for time point R0. The same 
observation can be drawn for time point R1 (No Recurrence: Mdn = 5.26%,  
Mann-Whitney-U-Test: z = - 4.759, p ≤ 0.001, Recurrence: Mdn = 4.14%,  
Mann-Whitney-U-Test: U = 16.000, p ≤ 0.001, CTRL: Mdn = 19.21%,  
Mann-Whitney-U-Test: z = - 3.511, p ≤ 0.001). Regarding time point R2 mean 
percentage of B cells is significantly reduced for the No Recurrence group  
(Mdn = 5.79%) when comparing with the Recurrence (Mdn = 11.74%,  
Mann-Whitney-U-Test: z = - 2.203, p = 0.028) and CTRL group (Mdn = 19.21%, 
Mann-Whitney-U-Test: z = - 4.241, p ≤ 0.001). For time point R3 only for the  
No Recurrence group (Mdn = 10.37%, Mann-Whitney-U-Test: z = - 3.259,  
p = 0.001) a significantly lower B cell percentage can be ascertained while the 
Recurrence group (Mdn = 8.85%, Mann-Whitney-U-Test: U = 34.000, p = 0.057) 
shows a trend towards a lower percentage when comparing with healthy donors 
Results   89 
 
(Mdn = 19.21%). At time point R4 B cells are reduced for the No Recurrence group 
(Mdn = 12.22%, Mann-Whitney-U-Test: z = - 2.292, p = 0.022) compared with CTRL 
(Mdn = 19.21%) (see Figure 28).  
Figure 28: Variances between patient groups in the mean percentage of B cells for all blood 
draws R0 to R4/R5 analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
After radiation therapy, mean percentage of B cells significantly declines in the  
No Recurrence group before the number of B cells recovers starting at time point 
R2 (Friedman test: ꭓ2 = 71.506, p ≤ 0.001, n = 47). Dunn-Bonnferroni Post-hoc test 
confirms this observation comparing time point R0 with time point R1 (z = 1.574,  
padj ≤ 0.001) and time point R2 (z = 1.170, padj = 0.003) as well as comparing time 
point R1 with time point R3 (z = -1.574, padj ≤ 0.001) and time point R4 (z = -2.404, 
padj ≤ 0.001). Also, a significant increase for B cells can be stated between time 
point R2 and time point R3 (z = -1.170, padj = 0.003) as well as between time point 
R2 and time point R4 (z = -2.000, padj ≤ 0.001) (see Figure 29). Regarding the 
Recurrence group, the valid sample size of 4 is too small to draw a proper 
conclusion with the Friedman test. 
When comparing the mean percentage of B cells for each blood draw within the 
No Recurrence group, the Wilcoxon test confirms the observations from the 
Friedman test. Significances are observed between time point R0 (Mdn = 10.35%) 
and time point R1 (Mdn = 5.26%, z = -6.596, p ≤ 0.001, n = 144), time point R2 
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(Mdn = 5.79%, z = -3.978, p ≤ 0.001, n = 139) and time point R4 (Mdn = 12.22%,  
z = -3.752, p ≤ 0.001, n = 148) as well as between time point R1 (Mdn = 5.26%) and 
time point R2 (Mdn = 5.79%, z = -2.370, p = 0.018, n = 137), time point R3  
(Mdn = 10.37%, z = -5.591, p ≤ 0.001, n = 142) and time point R4 (Mdn = 12.22%, 
z = -6.698, p ≤ 0.001, n = 146). Additionally, significant differences are obvious 
between time point R2 (Mdn = 5.79%) and following blood draws  
(R3: Mdn = 10.37%, z = -4.970, p ≤ 0.001, n = 137, R4: Mdn = 12.22%, z = -5.642,  
p ≤ 0.001, n = 141) and time point R3 (Mdn = 10.37%) and time point R4  
(Mdn = 12.22%, z = -4.398, p ≤ 0.001, n = 146) (see Figure 30).  
Figure 29: Variances between time points of blood draw in the mean percentage of B cells for the  
No Recurrence group analyzed by multivariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
For patients with recurrence significances are less frequently detected. Merely 
significant results between time point R0 (Mdn = 9.56%) and time point R1  
(Mdn = 4.14%, z = -2.040, p = 0.041, n = 38) as well as between time point R2  
(Mdn = 11.74%) and time point R5 (Mdn = 13.11%, z = -2.374, p = 0.018, n = 46) 
can be reported (see Figure 31). 
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Figure 30: Variances between time points of blood draw in the mean percentage of B cells for the 
No Recurrence group analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Figure 31: Variances between time points of blood draw in the mean percentage of B cells for the 
Recurrence group analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Initial percentages of B cells are significantly lower within tumor patients 
compared with healthy donors. After initiating radiation therapy, B cells further 
sink. Following the treatment, mean percentage of B cells starts to recover within 
patients without recurrence. For patients with recurrence, the changes over time 
are not as distinct. B cell levels of healthy individuals cannot be reached at the final 
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blood draws R4 and R5 for patients suffering from HNSCC. We are not solely 
interested in the lymphocytes’ behavior after irradiation but also in the evaluation 
of potential prognostic biomarkers. Therefore, we explored the expression 
percentage and intensity of CD69 upon the surface of lymphocytes. 
3.2. Early activation marker CD69 as a potential prognostic biomarker 
3.2.1. NK cells 
Percentage of CD69+ NK cells 
Kruskal-Wallis test and Mann-Whitney-U-Test cannot confirm any significances 
between patient groups concerning the mean percentage of CD69+ NK cells. 
Looking at the changes over the time points of blood draw, mean percentage of 
CD69+ NK cells differs significantly within the No Recurrence group (Friedman test: 
ꭓ2= 11.449, p = 0.022, n = 45). A Dunn-Bonnferroni Post-hoc test solely states a 
higher trend for time point R1 compared with time point R0 (z = -2.800,  
padj = 0.051) (see Figure 32). Regarding the Recurrence group, the valid sample size 
of 4 is too small to draw a proper conclusion with the Friedman test. 
Figure 32: Variances between time points of blood draw in the mean percentage of  
CD69+ NK cells for the No Recurrence group analyzed by multivariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
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Analyzing the No Recurrence group with a Wilcoxon test, mean percentage of 
CD69+ NK cells is higher for blood draw R1 (Mdn = 29.69%) compared with time 
point R0 (Mdn = 23.91%, z = -2.891, p = 0.004, n = 144) and time point R3  
(Mdn = 26.19%, z = -2.515, p = 0.012, n = 141) (see Figure 33). 
Figure 33: Variances between time points of blood draw in the mean percentage of  
CD69+ NK cells for the No Recurrence group analyzed by univariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
For the Recurrence group, Wilcoxon test confirms merely a significantly higher 
CD69+ NK cell mean percentage for time point R1 (Mdn = 44.41%, z = -2.291,  
p = 0.022, n = 38) compared with time point R0 (Mdn = 27.02%) (see Figure 34).  
Ultimately, CD69+ NK cells present with an elevation during radiation therapy 
within HNSCC patients. After radiation therapy, levels fall to the initial mean 
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Figure 34: Variances between time points of blood draw in the mean percentage of  
CD69+ NK cells for the Recurrence group analyzed by univariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Geometric mean fluorescence intensity (gMFI) of CD69 on NK cells 
A Kruskal-Wallis test cannot confirm any significant results regarding the  
CD69 gMFI of NK cells. With univariate analysis (Mann-Whitney-U test) a trend 
towards a higher CD69 gMFI within the Recurrence group can be stated  
(Mdn = 31.60%, Mann-Whitney-U-Test: z = -1.895, p = 0.058) in comparison with 
the CTRL group (Mdn = 22.21%) at time point R1 (see Figure 35). 
Comparing time points of blood draw, significant differences within the  
No Recurrence group become obvious. (Friedman test: ꭓ2= 9.991, p = 0.041,  
n = 45). Elevation of the CD69 gMFI from time point R0 to time point R1 (z = -3.067,  
padj = 0.022) is confirmed by a Dunn-Bonnferroni Post-hoc test (see Figure 36). The 
valid sample size of 4 is too small to draw a meaningful conclusion with the 
Friedman test for the Recurrence group. 
Comparing the first blood draw R0 (Mdn = 14.59%) with time point R1  
(Mdn =  22.21%, z = -4.462, p ≤ 0.001, n = 144), time point R2 (Mdn = 21.18%,  
z = -2.848, p = 0.004, n = 139), time point R3 (Mdn = 20.19%, z = -2.493, p = 0.013, 
n = 143) and time point R4 (Mdn = 20.28%, z = -2.742, p = 0.006, n = 147) within 
the No Recurrence group via Wilcoxon test, the CD69 gMFI of NK cells shows a 
significant lower initial value (see Figure 37).  
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Figure 35: Variances between patient groups in the geometric mean fluorescence intensity of 
CD69+ NK cells for all blood draws R0 to R4/R5 analyzed by univariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Figure 36: Variances between time points of blood draw in the geometric mean fluorescence 
intensity of CD69+ NK cells for the No Recurrence group analyzed by multivariate analysis  
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Figure 37: Variances between time points of blood draw in the geometric mean fluorescence 
intensity of CD69+ NK cells for the No Recurrence group analyzed by univariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Regarding the Recurrence group, Wilcoxon test can solely reveal a significant 
elevation of CD69 gMFI at time point R1 (Mdn = 31.60%, z = -2.291, p = 0.022,  
n = 38) in comparison with time point R0 (Mdn = 21.19%) (see Figure 38).  
Figure 38: Variances between time points of blood draw in the geometric mean fluorescence 
intensity of CD69+ NK cells for the Recurrence group analyzed by univariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
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Within patients without recurrence, the geometric mean fluorescence intensity 
(gMFI) of CD69+ NK cells initially presents with lower values in relation to all 
following blood draws. gMFI is especially high during radiation therapy, this can 
also be confirmed to a lesser extent for patients suffering from recurrence.  
3.2.2. T cells 
Percentage of CD69+ T cells 
In addition to CD69 expression on NK cells, we investigate the expression profile 
on T cells. Kruskal-Wallis test shows that the mean percentage of CD69+ NK cells 
differs significantly between patient groups for time point R2, R3 and R4/R5.  
(R2: ꭓ2 = 6.569, p = 0.037, R3: ꭓ2 = 14.772, p = 0.001, R4/R5: ꭓ2 = 13.224, p = 0.001). 
A following Dunn-Bonnferroni Post-hoc test is conducted and reveals a significant 
difference between healthy donors and patients experiencing recurrent disease  
(z = -2.517, p = 0.036) for time point R2. For time point R3 mean percentage of the 
control group is lower in comparison with patients without recurrence (z = -3.427, 
p = 0.002) while at time point R4/R5 the No Recurrence group (z = -2.650,  
p = 0.024) and the Recurrence group (z = -3.616, p = 0.001) display a higher mean 
percentage in relation to healthy donors (see Figure 39). 
Figure 39: Variances between patient groups in the mean percentage of CD69+ T cells for all 
blood draws R0 to R4/R5 analyzed by multivariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
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Univariate analysis reveals a higher CD69+ T cell mean percentage for the  
No Recurrence group (Mdn = 7.37%, Mann-Whitney-U-Test: z = -2.205, p = 0.027) 
and the Recurrence group (Mdn = 7.92%, Mann-Whitney-U-Test: U = 42.000,  
p = 0.010 in relation to the CTRL group (Mdn = 4.89%) at time point R2. For time 
point R3, the same result can be stated when comparing the No Recurrence group 
(Mdn = 8.89%, Mann-Whitney-U-Test: z = -3.433, p = 0.001) with the CTRL group 
(Mdn = 4.89%). Also, the No Recurrence group (Mdn = 8.89%,  
Mann-Whitney-U-Test: z = -2.193, p = 0.028) shows a significantly higher mean 
percentage compared with the Recurrence group (Mdn = 5.93%). Regarding the 
final blood draws R4 and R5, the No Recurrence group (Mdn = 8.13%,  
Mann-Whitney-U-Test: z = -2.762, p = 0.006) and Recurrence group  
(Mdn = 10.62%, Mann-Whitney-U-Test: z = -3.285, p = 0.001) have a higher  
CD69+ T cell mean percentage in relation to healthy donors (Mdn = 4.89%). 
Additionally, at the time of blood draw R5 the Recurrence group (Mdn = 10.62%, 
Mann-Whitney-U-Test: z = -2.051, p = 0.040) displays higher values in comparison 
with the No Recurrence group at blood draw R4 (Mdn = 8.13%) (see Figure 40). 
Figure 40: Variances between patient groups in the mean percentage of CD69+ T cells for all 
blood draws R0 to R4/R5 analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
For CD69+ T cells, multivariate analysis confirms significant changes over the time 
points of blood draw within the No Recurrence group (Friedman test: ꭓ2= 28.213, 
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p ≤ 0.001, n = 45). Elevation of the mean percentage over the course of time is 
confirmed by a Dunn-Bonnferroni Post-hoc test when comparing initial blood 
draw R0 with time point R2 (z = -2.867, padj = 0.041), time point R3 (z = -5.000,  
padj ≤ 0.001) and time point R4 (z = -3.867, padj = 0.001) (see Figure 41). The valid 
sample size of 4 is too small to draw a meaningful conclusion with the  
Friedman test for the Recurrence group. 
Figure 41: Variances between time points of blood draw in the mean percentage of CD69+ T cells 
for the No Recurrence group analyzed by multivariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Mean percentage of CD69+ T cells is growing subsequently to the initial blood 
draw until the third blood draw within the No Recurrence group. Conducted by a 
Wilcoxon test, statistical significances confirm higher values for time point R1 
(Mdn = 5.47%, z = -2.186, p = 0.029, n = 143), time point R2 (Mdn = 7.37%,  
z = -3.029, p = 0.002, n = 138), time point R3 (Mdn = 8.89%, z = -5.022, p ≤ 0.001, 
n = 142) and time point R4 (Mdn = 8.13%, z = -4.219, p ≤ 0.001, n = 146) compared 
with initial blood draw R0 (Mdn = 4.58%). In comparison with time point R1  
(Mdn = 5.47%), time points R3 (Mdn = 8.89%, z = -3.625, p ≤ 0.001, n = 141) and 
R4 (Mdn = 8.13%, z = -2.895, p = 0.004, n = 145) present with a higher CD69+ T cell 
mean percentage. Ultimately, the same growth is stated for time point R3  
(Mdn = 8.89%, z = -2.578, p = 0.010, n = 136) in relation to time point R2  
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(Mdn = 7.37%) (see Figure 42). 
Figure 42: Variances between time points of blood draw in the mean percentage of CD69+ T cells 
for the No Recurrence group analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
A significantly higher mean percentage of CD69+ T cells is stated by the Wilcoxon 
test for the Recurrence group when comparing time point R0 (Mdn = 5.48%) with 
time point R2 (Mdn = 7.92%, z = -3.288, p = 0.001, n = 42) and time point R5  
(Mdn = 10.62%, z = -3.977, p ≤ 0.001, n = 48). Additionally, mean percentage 
presents higher values for time point R5 (Mdn = 10.62%, z = -2.271, p = 0.023,  
n = 39) in relation to time point R3 (Mdn = 5.93%) (see Figure 43).  
In summary, mean percentage of CD69+ T cells is higher for patients suffering from 
head and neck cancer in relation to healthy individuals. Comparing the final blood 
draws R4 and R5, CD69+ T cells present with a higher mean percentage for patients 
experiencing tumor recurrence. Initial values are lower in comparison with 
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Figure 43: Variances between time points of blood draw in the mean percentage of CD69+ T cells 
for the Recurrence group analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Geometric mean fluorescence intensity (gMFI) of CD69 on T cells 
Performing a Kruskal-Wallis test, differences in the CD69 gMFI of T cells between 
patient groups are detected at time point R3 (ꭓ2 = 6.015, p = 0.049) and time point 
R4/R5 (ꭓ2 = 7.642, p = 0.022). A subsequent Dunn-Bonnferroni Post-hoc test 
cannot confirm any significances between the groups concerning blood draw R3, 
for blood draw R4/R5 CD69 gMFI of T cells is higher within the Recurrence group 
(z = -2.763, p = 0.017) in comparison with the control group (see Figure 44).  
At time point R3, a significantly elevated geometric mean fluorescence intensity 
can be stated for patients without recurrence (Mdn = 10.86%,  
Mann-Whitney-U-Test: z = -2.015, p = 0.044) in relation to healthy donors  
(Mdn = 8.17%). The same observation is made for blood draw R4 (No Recurrence: 
Mdn = 11.60%, Mann-Whitney-U-Test: z = -2.376, p = 0.018, CTRL: Mdn = 8.17%). 
Additionally, when comparing patients suffering from recurrence with healthy 
donors (Mdn = 8.17%), a higher CD69 gMFI can be detected for the Recurrence 
group (Mdn = 12.83%, Mann-Whitney-U-Test: z = -2.437, p = 0.015) at  
time point R5 (see Figure 45). 
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Figure 44: Variances between patient groups in the geometric mean fluorescence intensity of 
CD69+ T cells for all blood draws R0 to R4/R5 analyzed by multivariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Figure 45: Variances between patient groups in the geometric mean fluorescence intensity of 
CD69+ T cells for all blood draws R0 to R4/R5 analyzed by univariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
For CD69 gMFI of T cells, multivariate analysis confirms significant differences 
between the time points of blood draw within the No Recurrence group  
(Friedman test: ꭓ2= 22.429, p ≤ 0.001, n = 45). In comparison with the initial blood 
draw R0, the geometric mean fluorescence intensity is higher at time point R1  
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(z = -3.367, padj = 0.008), time point R2 (z = -3.500, padj = 0.005), time point R3  
(z = -4.333, padj ≤ 0.001) and time point R4 (z = -3.300, padj = 0.010). Forementioned 
results are obtained by a Dunn-Bonnferroni Post-hoc test (see Figure 46). The valid 
sample size of 4 is too small to draw a meaningful conclusion with the Friedman 
test for the Recurrence group. 
Figure 46: Variances between time points of blood draw in the geometric mean fluorescence 
intensity of CD69+ T cells for the No Recurrence group analyzed by multivariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
According to the Wilcoxon test, the CD69 gMFI of T cells grows continuously after 
radiation therapy regarding patients without recurrence. Significant differences 
can be reported for time point R0 (Mdn = 6.24%) in comparison with time point 
R1 (Mdn = 7.13%, z = -4.094, p ≤ 0.001, n = 143), time point R2 (Mdn = 9.98%,  
z = -4.251, p ≤ 0.001, n = 138), time point R3 (Mdn = 10.86%, z = -5.265, p ≤ 0.001, 
n = 142) and time point R4 (Mdn = 11.60%, z = -5.229, p ≤ 0.001, n = 146). 
Furthermore, higher geometric mean fluorescence is obvious for time point R3 
(Mdn = 10.86%, z = -3.136, p = 0.002, n = 141) and time point R4 (Mdn = 11.60%, 
z = -2.892, p = 0.004, n = 145) in relation to time point R1 (Mdn = 7.13%)  
(see Figure 47).  
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Figure 47: Variances between time points of blood draw in the geometric mean fluorescence 
intensity of CD69+ T cells for the No Recurrence group analyzed by univariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Comparing the blood draw before radiation therapy (Mdn = 7.15%) with time 
point R2 (Mdn = 11.17%, z = -3.288, p = 0.001, n = 42) and time point R5  
(Mdn = 12.83%, z = -4.010, p ≤ 0.001, n = 48), Wilcoxon test confirms a significant 
increase in the geometric mean fluorescence intensity for the Recurrence group. 
Furthermore, significant differences for time point R2 (Mdn = 11.17%, z = -2.045, 
p = 0.041, n = 36), time point R3 (Mdn = 7.94%, z = -2.201, p = 0.031, n = 29) and 
time point R5 (Mdn = 12.83%, z = -2.689, p = 0.007, n = 42) in relation to blood 
draw R1 (Mdn = 9.54%) can be stated (see Figure 48).  
Collectively, solely the final blood draws R4 and R5 of HNSCC patients present with 
increased geometric mean fluorescence intensity regarding CD69+ T cells. This 
elevation can also be confirmed for patients without recurrence in relation to 
healthy donors at time point R3. Initial levels rise during and after radiation 
therapy within patients without recurrence, after irradiation gMFI persists at this 
level. Regarding patients with recurrent disease, a similar observation is made. In 
comparison with the blood draw during treatment, levels fall at time point R3 
before they rise up again at the time of blood draw R5.  
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Figure 48: Variances between time points of blood draw in the geometric mean fluorescence 
intensity of CD69+ T cells for the Recurrence group analyzed by univariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
3.2.3. NK-like T cells 
Percentage of CD69+ NK-like T cells 
At last, we focused on the CD69 expression profile on NK-like T cells. Significant 
differences between patient groups cannot be detected with the Kruskal-Wallis 
test for the mean percentage of CD69+ NK-like T cells, respectively. 
Performing a Mann-Whitney-U-Test, merely the R5 blood draw of patients 
suffering from recurrence (Mdn = 27.38%, z = -2.086, p = 0.037) shows a 
statistically significantly higher CD69+ NK-like T cell mean percentage in relation 
to non-recurrent disease at time point R4 (Mdn = 20.95%) (see Figure 49). 
Significant differences within the No Recurrence group regarding  
CD69+ NK-like T cells become obvious after multivariate analysis (Friedman test:  
ꭓ2= 19.858, p = 0.001, n = 45). A subsequent Dunn-Bonnferroni Post-hoc test 
reveals a higher mean percentage at later blood draws R2 (z = -3.000, padj = 0.027), 
R3 (z = -4.200, padj ≤ 0.001) and R4 (z = -3.200, padj = 0.014) in comparison with the 
initial blood draw R0 (see Figure 50). Regarding the Recurrence group, the 
Friedman Test is renounced in regard of a too small valid sample size of 4. 
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Figure 49: Variances between patient groups in the mean percentage of CD69+ NK-like T cells for 
all blood draws R0 to R4/R5 analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
With univariate analysis (Wilcoxon test) within the No Recurrence group, mean 
percentages of CD69+ NK-like T cells show a higher percentage for all time points 
(R1: Mdn = 18.80%, z = -3.414, p = 0.001, n = 144, R2: Mdn = 21.48%, z = -3.471,  
p = 0.001, n = 139, R3: Mdn = 26.16%, z = -4.833, p ≤ 0.001, n = 143,  
R4: Mdn = 20.95%, z = -3.586, p ≤ 0.001, n = 147) following the initial blood draw 
at R0 (Mdn = 15.15%). Especially time point R3 (Mdn = 26.16%) presents with a 
higher value compared with time point R1 (Mdn = 18.80%, z = -2.648, p = 0.008,  
n = 141) and time point R2 (Mdn = 21.48%, z = -2.007, p = 0.045, n = 136)  
(see Figure 51). 
Comparing the first blood draw R0 (Mdn = 15.79%) with time point R2  
(Mdn = 19.76%, z = -2.461, p = 0.014, n = 42) and time point R5 (Mdn = 27.38%,  
z = -3.815, p ≤ 0.001, n = 48) within the Recurrence group via Wilcoxon test, mean 
percentage of CD69+ NK-like T cells show a significant lower initial value. Also, 
mean percentage of blood draw R5 (Mdn = 27.38%, z = -2.792, p = 0.005, n = 42) 
is significantly higher in comparison with time point R1 (Mdn = 19.68%)  
(see Figure 52). 
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Figure 50: Variances between time points of blood draw in the mean percentage of  
CD69+ NK-like T cells for the No Recurrence group analyzed by multivariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Figure 51: Variances between time points of blood draw in the mean percentage of  
CD69+ NK-like T cells for the No Recurrence group analyzed by univariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
To sum up, mean percentage of CD69+ NK-like T cells is solely significantly elevated 
for patients with recurrent disease at the time point of final blood draws R4 and 
R5 in relation to patients without recurrence. Comparing initial mean percentage 
with consecutive blood draws, levels rise up during and after radiation therapy 
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regarding patients without tumor recurrence. For patients with recurrent disease, 
the same conclusion can be drawn. Additionally, levels present with the highest 
mean percentage at the time of recurrence (blood draw R5).  
Figure 52: Variances between time points of blood draw in the mean percentage of  
CD69+ NK-like T cells for the Recurrence group analyzed by univariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Geometric mean fluorescence intensity (gMFI) of CD69 on NK-like T cells 
Conducting a Kruskal-Wallis test, no meaningful results between the patient 
groups are revealed for the CD69 gMFI of NK-like T cells. With univariate analysis 
between patient groups a significantly higher CD69 gMFI of NK-like T cells is 
detected for the Recurrence group (Mdn = 36.40%, Mann-Whitney-U-Test:  
z = -1.996, p = 0.046) compared with the No Recurrence group (Mdn = 27.33%) at 
the time of the final blood draw (see Figure 53).  
After radiation therapy, CD69 gMFI of NK-like T cells is significantly higher in the 
No Recurrence group (Friedman test: ꭓ2 = 17.742, p = 0.001, n = 45).  
Dunn-Bonnferroni Post-hoc test confirms this observation comparing time point 
R0 with time point R1 (z = -2.933, padj = 0.034), time point R2 (z = -3.667,  
padj = 0.002), time point R3 (z = -2.933, padj = 0.034) as well as time point R4  
(z = -3.467, padj = 0.005) (see Figure 54). Regarding the Recurrence group, the 
Friedman Test is renounced in regard of a too small valid sample size of 4. 
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Figure 53: Variances between patient groups in the geometric mean fluorescence intensity of 
CD69+ NK-like T cells for all blood draws R0 to R4/R5 analyzed by univariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Figure 54: Variances between time points of blood draw in the geometric mean fluorescence 
intensity of CD69+ NK-like T cells for the No Recurrence group analyzed by multivariate analysis 
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
The Wilcoxon test aids to determine significant differences in the CD69 geometric 
mean fluorescence of NK-like T cells between single time points in the peripheral 
blood of patients. Regarding the No Recurrence group, CD69 gMFI of NK-like T cells 
is lower at the time point of initial blood draw (Mdn = 18.10%) compared with time 
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point R1 (Mdn = 24.23%, z = -3.887, p ≤ 0.001, n = 144) time point R2  
(Mdn = 30.87%, z = -4.176, p ≤ 0.001, n = 139), time point R3 (Mdn = 28.96%,  
z = -4.813, p ≤ 0.001, n = 143)  and time point R4 (Mdn = 27.33%, z = -4.229,  
p ≤ 0.001, n = 147) (see Figure 55).  
Concerning the Recurrence group, CD69 gMFI of NK-like T cells is significantly 
elevated at time point R5 (Mdn = 36.40%) in comparison with time point R0  
(Mdn = 16.06%, z = -2.321, p = 0.020, n = 48) and time point R1 (Mdn = 24.56%,  
z = -3.051, p = 0.002, n = 42). In addition, values at time point R2 (Mdn = 27.02%, 
z = -1.956, p = 0.050, n = 36) are significantly higher in relation to time point R1 
(Mdn = 24.56%) (see Figure 56). 
Figure 55: Variances between time points of blood draw in the geometric mean fluorescence 
intensity of CD69+ NK-like T cells for the No Recurrence group analyzed by univariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
 
In conclusion, the geometric mean fluorescence intensity (gMFI) of  
CD69+ NK-like T cells is merely significantly elevated for patients with tumor 
recurrence during final blood draws R4 and R5 compared with patients without 
recurrence. For patients without recurrence, initial gMFI values are lower in 
relation to all consecutive blood draws. Patients suffering from recurrent disease 
show their highest gMFI at time point of recurrence (blood draw R5).  
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Figure 56: Variances between time points of blood draw in the geometric mean fluorescence 
intensity of CD69+ NK-like T cells for the Recurrence group analyzed by univariate analysis  
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
3.3. Programmed cell death protein 1 (PD-1) as a potential prognostic 
biomarker 
Conducting a prefabricated Human PD-1 ELISA, we researched the concentration 
level of programmed cell death protein 1 (PD-1) within patients’ plasma samples.  
Kruskal-Wallis test shows that the concentration of PD-1 differs significantly 
between patient groups for time point R0 (ꭓ2 = 8.469, p = 0.014) and time point R1 
(ꭓ2 = 13.011, p = 0.001). A following Dunn-Bonnferroni Post-hoc test was 
conducted and reveals a significant higher concentration for healthy donors in 
relation to patients without recurrent disease at time point R0 (z = 2.563,  
p = 0.031) and time point R1 (z = 3.019, p = 0.008). For patients experiencing 
recurrent disease, concentration significantly differs from the CTRL group at time 
point R1 (z = -2.602, p = 0.028) (see Figure 57). 
The concentration of PD-1 is significantly lower for the No Recurrence group  
(Mdn = 84.86pg/µL) in comparison with the CTRL group (Mdn = 4076.69pg/µL, 
Mann-Whitney-U-Test: z = - 2.387, p = 0.017) and Recurrence group  
(Mdn = 126.25pg/µL, Mann-Whitney-U-Test: z = - 1.997, p = 0.046) at time point 
R0. The same observation can be drawn for time point R1 (No Recurrence:  
Mdn = 57.93pg/µL, CTRL: Mdn = 4076.69pg/µL, Mann-Whitney-U-Test: z = -2.842, 
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p = 0.004, Recurrence: Mdn = 118.62pg/µL, Mann-Whitney-U-Test: z = -2.693,  
p = 0.007). Regarding time point R4/R5 merely the concentration of PD-1 within 
the No Recurrence group (Mdn = 110.80pg/µL, Mann-Whitney-U-Test: z = -2.121, 
p = 0.034) is significantly reduced in comparison with healthy donors  
(Mdn = 4076.69pg/µL) (see Figure 58).  
Figure 57: Variances between patient groups in the concentration of PD-1 for all blood draws  
R0 to R4/R5 analyzed by multivariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Looking at the changes over the time points of blood draw, the concentration of 
PD-1 differs significantly within the No Recurrence group (Friedman test:  
ꭓ2= 13.754, p = 0.008, n = 25). A Dunn-Bonnferroni Post-hoc test confirms 
significant results of the PD-1 concentration when comparing time point R1 with 
time point R2 (z = -3.086, padj = 0.020) as well as time point R1 to time point R4  
(z = -3.399, padj = 0.007) (see Figure 59). Regarding the Recurrence group, the 
Friedman Test is renounced in regard of a too small valid sample size of 4. 
When comparing the concentration of PD-1 for each blood draw within the  
No Recurrence group, the Wilcoxon test confirms significances between time 
point R0 (Mdn = 84.86pg/µL) and time point R1 (Mdn = 57.93pg/µL, z = -3.332,  
p = 0.001, n = 66), as well as time point R4 (Mdn = 110.80pg/µL, z = -2.067,  
p = 0.039, n = 68). Also, concentration at time point R1 (Mdn = 57.93pg/µL) differs 
significantly from time point R2 (Mdn = 141.39pg/µL, z = -2.730, p = 0.006, n = 65), 
Results   113 
 
time point R3 (Mdn = 119.30pg/µL, z = -2.952, p = 0.003, n = 65) and time point R4  
(Mdn = 110.80pg/µL, z = -3.486, p ≤ 0.001, n = 66) (see Figure 60). For patients 
with recurrence no significant results can be reported (see Figure 61).  
Figure 58: Variances between patient groups in the concentration of PD-1 for all blood draws  
R0 to R4/R5 analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Figure 59: Variances between time points of blood draw in the concentration of PD-1 for the  
No Recurrence group analyzed by multivariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
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Figure 60: Variances between time points of blood draw in the concentration of PD-1 for the  
No Recurrence group analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Figure 61: Variances between time points of blood draw in the concentration of PD-1 for the 
Recurrence group analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Before and during radiotherapy, especially patients without tumor recurrence 
show a lower PD-1 concentration compared with healthy donors and patients with 
recurrent disease. Within the No Recurrence group, concentration of PD-1 sinks 
during irradiation before it consecutively grows after treatment completion. 
Levels are especially high at the time of the final blood draw R4. Regarding patients 
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with tumor recurrence, some individuals also seem to present with a higher PD-1 
concentration starting 6 months after undergoing irradiation (blood draw R3). This 
change cannot be statistically verified. 
3.4. Programmed cell death ligand 1 (PD-L1) as a potential prognostic 
biomarker 
In addition to Human PD-1, we want to gain information about the receptor’s 
ligand programmed cell death ligand 1 (PD-L1) by measuring the concentration 
within plasma samples. Performing a Kruskal-Wallis test, differences in the 
concentration of PD-L1 between patient groups are detected at time points R0, 
R1, R2, R3 and R4/R5 (R0: ꭓ2 = 39.466, p ≤ 0.001, R1: ꭓ2 = 41.911, p ≤ 0.001,  
R2: ꭓ2 = 37.927, p ≤ 0.001, R3: ꭓ2 = 31.431, p ≤ 0.001, R4/R5: ꭓ2 = 46.550, p ≤ 0.001). 
A subsequent Dunn-Bonnferroni Post-hoc test can confirm higher concentration 
for patients suffering from recurrence in relation to the No Recurrence group  
(R0: z = -6.281, p ≤ 0.001, R1: z = -6.474, p ≤ 0.001, R2: z = -6.154, p ≤ 0.001,  
R3: z = -5.592, p ≤ 0.001, R4/R5: z = -6.789, p ≤ 0.001) as well as healthy donors 
(R0: z = -2.449, p = 0.043, R1: z = -2.633, p = 0.025, R2: z = -2.748, p = 0.018,  
R3: z = -2.425, p = 0.046, R4/R5: z = -3.064, p = 0.007) (see Figure 62).  
Concentration of PD-L1 is significantly elevated for patients suffering from 
recurrence (Mdn = 4470.13pg/µL) when comparing with the control group  
(Mdn = 413.95pg/µL, Mann-Whitney-U-Test: z = -3.449, p = 0.001) and  
No Recurrence group (Mdn = 292.35pg/µL, Mann-Whitney-U-Test: z = -5.977,  
p ≤ 0.001) at time point R0. The same conclusion can be drawn for time point R1 
(Recurrence: Mdn = 3554.98pg/µL, CTRL: Mdn = 413.95pg/µL,  
Mann-Whitney-U-Test: U = 5.000, p ≤ 0.001, No Recurrence: Mdn = 293.69pg/µL, 
Mann-Whitney-U-Test: z = -6.181, p ≤ 0.001), time point R2 (Recurrence:  
Mdn = 3875.08pg/µL, CTRL: Mdn = 413.95pg/µL, Mann-Whitney-U-Test:  
U = 5.000, p ≤ 0.001, No Recurrence: Mdn =  303.81pg/µL,  
Mann-Whitney-U-Test: z = -5.889, p ≤ 0.001), time point R3 (Recurrence:  
Mdn = 4369.23pg/µL, CTRL: Mdn = 413.95, Mann-Whitney-U-Test: U = 2.000,  
p ≤ 0.001, No Recurrence: Mdn = 310.91pg/µL, Mann-Whitney-U-Test: z = -5.290, 
p ≤ 0.001) as well as time point R4/R5 (Recurrence: Mdn = 3948.51pg/µL, CTRL: 
Mdn = 413.95pg/µL, Mann-Whitney-U-Test: z = -3.963, p ≤ 0.001, No Recurrence: 
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Mdn = 318.16pg/µL, Mann-Whitney-U-Test: z = -6.509, p ≤ 0.001). Additionally, at 
time point R0 PD-L1 concentration in the peripheral blood of patients without 
recurrent disease (Mdn = 292.35pg/µL, Mann-Whitney-U-Test: z = -2.032,  
p = 0.042) is significantly lower compared with healthy donors  
(Mdn = 413.95pg/µL). Also, at time point R1, concentration differs significantly 
between the CTRL group (Mdn = 413.95pg/µL) and the No Recurrence group  
(Mdn = 293.69pg/µL, Mann-Whitney-U-Test: z = -2.064, p = 0.039). For blood draw 
R3 solely a trend towards a lower concentration for the No Recurrence group  
(Mdn = 310.91pg/µL, Mann-Whitney-U-Test: z = -1.942, p = 0.052) in comparison 
with healthy donors (Mdn = 413.95pg/µL) is detected (see Figure 63). 
Figure 62: Variances between patient groups in the concentration of PD-L1 for all blood draws  
R0 to R4/R5 analyzed by multivariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
A Friedman test reveals significant differences between the time points of blood 
draw within the No Recurrence group (Friedman test: ꭓ2 = 11.696, p = 0.020,  
n = 37). A subsequent Dunn-Bonnferroni Post-hoc test fails to further specify 
significant differences (see Figure 64). Regarding the Recurrence group, the valid 
sample size of 6 is too small to draw a proper conclusion with the Friedman test. 
According to the Wilcoxon test, the concentration of PD-L1 solely shows a 
significant difference between time point R0 (Mdn = 292.35pg/µL) in comparison 
with time point R1 (Mdn = 293.69pg/µL, z = -2.205, p = 0.027, n = 79)  
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(see Figure 65). There are no significant results within the Recurrence group  
(see Figure 66). 
Figure 63: Variances between patient groups in the concentration of PD-L1 for all blood draws  
R0 to R4/R5 analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Figure 64: Variances between time points of blood draw in the concentration of PD-L1 for the  
No Recurrence group analyzed by multivariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
For patients with tumor recurrence, higher concentration throughout all blood 
draws in comparison with healthy donors and patients without recurrent disease 
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is remarkable. Patients with tumor recurrence approximately show a 10-fold 
increase of PD-L1 concentration in peripheral blood in relation to patients without 
recurrence, the concentration does not change over time within HNSCC patients. 
Figure 65: Variances between time points of blood draw in the concentration of PD-L1 for the  
No Recurrence group analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
 
Figure 66: Variances between time points of blood draw in the concentration of PD-L1 for the 
Recurrence group analyzed by univariate analysis (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) 
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4. Discussion 
With nearly 25 million new cancer diagnoses and 10 million cancer deaths each 
year, diagnosis and management of the disease is worldwide of utter importance. 
[1, 2] Around three out of a hundred cancer cases arise from oral or pharyngeal 
subsites  with an increasing incidence throughout the United States among 
middle-aged men and women. [3, 4] While major risk factors such as smoking, 
alcohol consumption and HPV infection are well known causes, new therapeutic 
approaches have failed to substantially improve overall survival rates in the past 
decades. [5, 6, 11, 18] Diagnosis of HNSCC commonly occurs at an advanced stage 
of the disease, which might impede a successful tumor remission. [49] A  
cost-effective, non-invasive diagnostic method may lead to earlier detection of the 
disease and thus to substantially improved treatment outcomes. 
Prospectively, research is striving for a more personalized approach of cancer care 
in order to choose the most suitable therapeutic approach for each patient. [9] 
Assessment of the patient’s prognosis is a critical factor for cancer management 
since some patients are at higher risk for suffering from recurrence. Those patients 
are in need of intensified therapeutic approach and cancer screening. [9] Tumoral 
behavior of HNSCC shows major differences in regard of its aetiology. Whereas 
cigarette consumption is connected to more aggressive tumoral behavior and 
worse survival rates, HPV-related HNSCC holds a more favorable  
prognosis. [22, 71] Side effects of combined treatment approaches including 
surgery, radiotherapy and chemotherapy might be severe and cause lifelong 
functional impairment as well as reduced quality of life. [125, 126] For example, 
de-escalation of radiation dosage may be in favor of patients suffering from less 
aggressive HNSCC and with reduced risk for recurrence. Improved patient 
stratification based on suitable prognostic biomarkers could lead to a sparing of 
healthy tissue and lymphocytes for patients with reduced risk of HNSCC 
recurrence undergoing radiotherapy. Irradiation has an impact on the composition 
of the immune system, especially lymphocyte subpopulations are sensitive to 
ionizing radiation to a significant degree. [131] These changes within the 
lymphocyte subpopulations may have an impact on the patient’s prognosis.  
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In this study, patients with locally advanced HNSCC treated with a 
chemoradiotherapy schedule are observed within a time frame of two years. 
Blood samples taken at five time points before, during and after therapy are 
thoroughly analyzed. Within EDTA blood samples, especially radiation-induced 
effects on certain lymphocyte subpopulations (NK cells, T cells and B cells) are 
verifiable as well as distinctive expression of the early activation marker CD69 on 
the surface of T cells. Limitations to our study assessing the lymphocyte 
subpopulations and expression profile of CD69 upon certain lymphocyte subsets 
are missing or invalid blood samples at certain time points as well as a relatively 
small number of healthy donors in relation to HNSCC patients. Furthermore, no 
blood sample is taken directly after radiotherapy completion. Those samples 
might have added additional valuable information and provided better 
comparability with other studies which base the alteration of lymphocyte 
subpopulation on values shortly taken after irradiation. Furthermore, treatment 
and irradiation schedules might differ broadly when comparing our experiment 
with other studies leading to restricted comparability.  
Considering the differences between patients diagnosed with cancer and healthy 
individuals within lymphocyte subpopulations and changes during and after 
radiotherapy, as opposed to our experiment, heparinized blood or EDTA samples 
of HNSCC patients are seldomly utilized to directly assess lymphocytes by flow 
cytometry. [198-200] Studies are rather conducted by isolating peripheral blood 
mononuclear cells (PBMC) from peripheral blood samples [136, 201-205] before 
conducting further analysis, i.e. flow cytometry. Other approaches to assess 
changes within lymphocyte subpopulations are analysis of tumor tissue  
samples [204-206], i.e. by flow cytometry of single cell suspensions, and 
identification of gene expression referring to certain lymphocyte  
subpopulations. [206, 207] Also, rather counts than mean percentages of the 
lymphocyte subpopulations are coming to use when comparing  
results. [135, 208-211] Thus, comparability between different approaches for the 
analysis of the studies’ results regarding differences between patients diagnosed 
with HNSCC and healthy subjects as well as radiation-induced changes within 
lymphocyte subpopulations might be limited to a certain degree.  
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Observing total lymphocyte counts of 56 HNSCC patients, numbers diminish by 
over 70 percent two months after patients started their chemoradiotherapy 
schedule. Further, patients with HPV-negative tumors experience earlier 
progression of disease. [210] In another experiment, patients also experience 
depletion of lymphocytes directly after irradiation, one year after the treatment 
except for NK cells all evaluated lymphocyte subsets still represent lower levels as 
compared with levels before treatment initiation. [135] This pronounced 
lymphopenia several weeks after starting radiation therapy is confirmed by further 
studies for HNSCC [208, 212] and other malignancies [213, 214] and is conclusively 
regarded as a frequent characteristic of radiation toxicity, independent of 
radiotherapy as a sole treatment approach or as a postoperative modality [215]. 
Indeed, a favorable tumor response to radiation therapy can be linked to improved 
radiation tolerance of lymphocytes for patients suffering from cervical  
cancer. [216] Similar behavior in total lymphocyte counts can be assumed for our 
experiment, even though we solely examine the variances within certain subsets 
of lymphocytes (NK cells, T cells, NK-like T cells and B cells). Thus, undergoing 
radiotherapy does not only consist of beneficial properties such as the reduction 
of tumor volume but also interferes with the patient’s tumoral immune response. 
In a study with patients suffering from esophagal cancer, patients who succeed at 
recovering their immune composition can be connected to an improved prognosis 
and elevated median survival time. [217] Furthermore, in various malignancies 
including HNSCC a reduction of the applied radiation dosage should be the 
destination for further therapeutic strategies in the field of radiotherapy. To 
achieve a dosage reduction, suitable biomarkers to identify patients who show a 
proper radiation response and decline of tumor size in spite of a de-escalated 
radiation schedule are necessary.  
In our study, for patients with or without recurrence we can observe a significant 
elevation of the mean percentage of NK cells after undergoing radiation therapy. 
In a small study, several HNSCC patients present with elevated NK cell counts. 
According to the study, this observation can be rarely observed in patients 
suffering from solid tumors at an advanced stage. [203] This might serve as a 
suitable explanation for the rise of NK cells consecutively to radiotherapy within 
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our study design since we solely examine patients with advanced-staged HNSCC. 
A study consisting of more than 100 samples of untreated patients, treated 
patients without recurrence and healthy donors similarly reports an increase in 
the level of NK cells within the group of treated patients. [201] HNSCC patients 
who have previously undergone extensive treatment, also confirm this 
observation in another study design. [218] In other studies, NK cells show no 
significant reaction to irradiation [136, 219], two further studies  cannot find a 
differentiation of NK cell levels between the stages of the disease [200, 202]. On 
the contrary, patients suffering from esophagal cancer present with a decrease of 
NK cells after undergoing radiotherapy. [214] Three months subsequently to 
radiation therapy, NK cell levels have reached initial levels for patients with 
esophagal cancer. [217] Especially after surgical approach, NK cell levels seem to 
drop whereas one year after consecutive radiotherapy NK cell levels have fully 
recovered in contrast to other lymphocyte subpopulations. [135] For patients with 
cervical/endometrial carcinoma, NK cells first decline to a little extent shortly after 
beginning radiotherapy. Some patients though show increasing levels of NK cells 
upon treatment. [199]  
While NK cells presumably are more resistant to radiation induced defects and 
show faster recovery, T cells and B cells are more radiosensitive. While T cells 
decline three months after irradiation, B cells already start to diminish during 
radiotherapy. The significant decline of T cells and B cells shortly after irradiation 
is consistent with many other studies with patients suffering from HNSCC. 
Forementioned declines of B cells and T cells might also be influenced by the 
disease itself or cisplatin-based chemotherapy but are more likely to be caused by 
radiotherapy alone. Studies with patient cohorts of various squamous cell 
carcinomas including HNSCC present the same decline in B cell and T cell  
levels. [208, 220] A small study examining 8 women  with a cervical or endometrial 
carcinoma can detect similar results. [199] Studying HNSCC patients who received 
different treatment schedules, i.e., surgery and radiotherapy or radiation alone, 
similar conclusions regarding B cell and T cell levels can be  
drawn. [135, 136, 201, 203, 212, 215, 220] The decrease in T cells can also be 
confirmed by irradiating isolated T cells in blood bags. [221] Confirmed by gene 
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expression analysis, the decrease in T cells also affects tumor-infiltrating 
lymphocytes (TIL), whereas infiltration of T cells shows high variability. [204, 207] 
Assessment of B cell reactivity by stimulating peripheral blood lymphocytes with 
polyclonal B cell activator pokeweed mitogen additionally shows a reduction in  
B cell reactivity. [222] Furthermore, a decrease in CD4+ T cells occurs more 
predominantly whereas CD8+ T cells are rather unaffected by  
irradiation. [136, 203, 212] Often a decreased CD4+/CD8+ T cell ratio is reported 
after patients of various malignancies undergo irradiation. [135, 214] In cases of 
esophagal cancer, an increase in CD8+ T cell levels upon radiotherapy is  
reported. [214] A different study of HNSCC patients states a significant increase 
for the activation status of both circulating CD4+ and CD8+ T cells. [223] In our 
experiment we merely analyze the whole T cell population without further dividing 
into its subpopulations. 
After radiotherapy T cells continuously shrink further and even after 12 months, 
they show no signs of recovery in our set-up. On the contrary, a study with patients 
treated by radiotherapy alone or postoperative irradiation reports starting 
recovery one month after radiotherapy. [215] In a study examining esophagal 
cancer, T cell and NK cell levels have reached initial levels after three months. [217] 
After initiation of radiation therapy, B cells shrink drastically within patients 
without recurrence before starting to recover directly after radiotherapy. One 
year after therapy, B cell levels for the No Recurrence group are higher compared 
with the initial mean percentage. Though values are still lower compared with 
healthy donors, 12 months after the treatment B cells tend to recover to 
comparable values. Consistent with our findings for patients without recurrence, 
a study reports a strong decline in B cells upon 6 months following radiotherapy, 
initial B cell reactivity levels are reached at 12 months after irradiation. [222] We 
detect that B cells of patients suffering from recurrence show a less pronounced 
decrease upon the start of irradiation. A strong interindividual variation can be 
noted as in an experiment concerning cervical/endometrial carcinoma [199], this 
might be due to the smaller sample size in relation to the No Recurrence group. 
Opposed to forementioned study of 8 women, B cell levels show an increase 
shortly after irradiation and at the time of recurrence are comparable with initial 
Discussion   124 
 
levels for patients with recurrent disease. A pronounced decrease in B cells upon 
the start of the irradiation schedule might be correlated with a better treatment 
response and aid as a positive prognostic parameter for disease-free survival. This 
notion needs to be confirmed in further studies with a larger cohort and similar 
group sizes for No Recurrence and Recurrence. For T cells, differences between 
disease-free patients and patients suffering from recurrence cannot be confirmed. 
Mean percentage of T cells is inappropriate to stratify patients into groups. In 
conclusion, except for NK cells, lymphocyte subpopulations rather do not fully 
recover within a surveillance period of 12 months. [135, 201] In another study, 
lymphocytes have not reached initial values even after a period of  
60 months. [208] 
When comparing lymphocyte subpopulations of healthy donors with cancer 
patients, initial NK cell mean percentage is slightly higher for HNSCC patients. 
These findings cannot be verified as significant by statistical analysis. Comparing 
oral SCC patients with healthy individuals, no differences between NK cell levels 
can be noted. [198] In a large study design comparing HNSCC patients with healthy 
individuals, a decline of NK cells within HNSCC patients can be identified via 
demethylated copies of NKp46. [200] In relation to healthy donors, lower numbers 
of the CD56bright NK cell subpopulation are quantified for HNSCC patients. [202] 
Diminished cytotoxicity of NK cells correlates with development of regional or 
distant metastases as well as subsequent death related to tumors of the upper 
aerodigestive tract in a different experiment. [224] Another study from 1986 
simultaneously states a higher risk for individuals with decreased NK cell activity 
to develop distant metastases. Furthermore, diminished NK cell activity can be 
conferred to patients consuming alcohol or already suffering from nodal 
metastases. [225] Before radiotherapy, the mean percentage of T cells for HNSCC 
patients is in the same range as of healthy donors. Additionally, comparing only 
CD4+ T cell levels, no difference becomes obvious in a study based on immune-
phenotyped PBMCs. [136] Adversely, a study design of various squamous cell 
carcinomas including HNSCC can detect higher circulating T cell levels for healthy 
subjects compared with initial levels of patients. [220]  Oral SCC patients with a 
tobacco-chewing history reveal decreased levels of T cells, especially of the  
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CD4+ T cell subpopulation, as well as a decreased CD4+/CD8+ T cell ratio in 
comparison with healthy subjects. [198] In contrast to our findings regarding  
T cells, mean percentage of B cells is already significantly reduced for HNSCC 
patients in relation to healthy subjects before undergoing radiation therapy. 
Another study cannot find any differences between patients suffering from 
squamous cell carcinoma and the control group. [220] Analyzing patients with 
advanced HNSCC and contraindication for cisplatin-based chemotherapy, levels of 
naïve B cells are initially higher only for patients experiencing disease  
progression. [212] Interestingly, HPV-positive patients suffering from HNSCC 
present with higher levels of B cells in comparison with healthy donors or  
HPV-negative patients within single cell suspensions of cancerous tissue. [205] 
Hence, reduced B cell levels may be an indicator of locally advanced HNSCC.  
CD69 is known as an early activation marker expressed on T lymphocytes amongst 
other cells and involved in the proliferation as well as functioning of T cells. [226] 
Other experiments investigate the expression of CD69 on T cells seldomly directly 
within PBMCs [176, 177, 227] while most studies are based on the levels of  
CD69+ T cells within the tumor microenvironment [226, 228, 229] or use a 
combined approach [175, 230, 231]. In our experiment, mean percentage of 
CD69+ T cells does not reveal any significant difference between HNSCC patients 
and healthy donors within peripheral EDTA blood. A study measuring  
CD69 positivity of T cells within PBMCs of 62 HNSCC patients and 15 healthy 
subjects confirms our observation. [177] Opposed to our findings, in another study 
CD69+ activation marker is more frequently detected on T cells within tumorous 
epithelial in comparison with healthy tissue. [175] Patients at an advanced stage 
of HNSCC show diminished CD69+ levels after stimulation with PHA compared 
with healthy donors. [176] Regarding other malignant diseases, patients suffering 
from prostate cancer show higher mean percentages of CD69+ T cells in peripheral 
blood in relation to patients diagnosed with benign prostatic hyperplasia. [232] 
These observations may lead to the conclusion, that differences within levels of 
CD69+ T cells cannot be determined within peripheral blood alone.  
When comparing CD69 expression levels on T cells of tissue samples of either 
HNSCC or healthy mucosa with peripheral blood lymphocytes, tissues present with 
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higher expression levels. [229, 230] In a mouse model mimicking HNSCC induced 
by classical risk factors (i.e., smoking and consumption of alcohol) elevated 
expression levels of CD69 on CD8+ T lymphocytes emerge in premalignant lesions 
whereas mice with HNSCC present with less immune stimulation including  
CD69 expression. [226] In another mouse model examining oral squamous cell 
carcinoma, the expression of CD69 shows elevated levels for T cells within lymph 
nodes and the spleen of Stat1-/- mice suffering from HNSCC when comparing with 
Stat1+/+ mice. [228] Concludingly, CD69 expression levels within tumor tissue 
seem to have more validity in relation to peripheral blood. Also, behavior of  
CD69 expression may vary regarding the type and location of the malignancy as 
indicated by the forementioned prostate cancer study. [232] 
After initiation of radiotherapy, levels of CD69+ T cells begin to rise within the 
peripheral blood of HNSCC patients. For patients without recurrence, CD69+ T cells 
reach a consistent level 6 months after undergoing radiation therapy. In contrast, 
patients experiencing recurrent disease present with lower levels of CD69+ T cells 
6 months after the treatment while CD69+ T cells are significantly higher in 
comparison with patients with non-recurrent disease at the time of recurrence. 
While shrinkage of the CD69+ T cell mean percentage is not significant between  
3 months and 6 months after radiotherapy, the elevation of the mean percentage 
between 6 months after undergoing therapy and incidence of recurrence is slightly 
significant. The decline of CD69+ T cells 6 months after the treatment may be more 
distinct when investigating a larger test series of patients with recurrent disease. 
If the decline can be confirmed, this finding may aid to detect recurrent disease at 
an earlier point in time. An earlier treatment approach of recurrent HNSCC might 
improve disease control and quality of life. According to several studies including 
mouse models, high CD69 expression on T cells can be linked to progression of 
disease, elevated risk for metastatic disease and therefore worse prognosis and 
poor overall survival, supporting our thesis. [174, 177, 227] Also for other 
malignancies, higher values of CD69 T cell expression might constitute a risk factor 
for the development of prostate cancer and are connected to decreased  
disease-free survival as well as recurrent disease of colorectal cancer. [232, 233] 
This process might find its reason in the exhaustion of T cells induced by PD-1 and 
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TIM3 as well as in the down-regulation of tumor-infiltrating T lymphocytes leading 
to a diminished secretion of anti-cancerous cytokines, for example IFN-γ and  
IL-10. [174, 175, 228] In conclusion, the ascertained increase of CD69+ T cells upon 
recurrence may aid to assess and confirm the patient’s progression of disease. On 
the other hand, a study examining 28 patients suffering from oral squamous cell 
carcinoma reports worse disease-free survival rates for patients with lower levels 
of CD69+ CD4+ T cells located in the sentinel nodes. [231] As a potential 
explanation, CD69 levels of T cells may differ depending on the type of specimen 
which is used for analysis. Additionally, monoclonal antibodies targeting CD69 are 
linked to decreased CD8+ T cell exhaustion and elevation of tumor-infiltrating  
T cells within the tumor microenvironment leading to lessened progression of 
disease in a mammary cancer mouse model. [174] In another experiment with 
renal cell carcinoma bearing mice, the subjects can benefit from additional  
anti-CD69 therapy. [234] An earlier study states the benefits of anti-CD69 therapy 
regarding an improved anti-tumor response based on an elevation of  
tumor-infiltrating NK cells and T cells. [235] Patients with recurrent disease and 
higher expression of CD69 upon T cells may benefit from adjuvant treatment with 
anti-CD69 antibodies. Further studies are necessary to research the eligibility and 
mechanism of anti-CD69 in humankind as well as to define suitable patients for 
anti-CD69 treatment. Little is known about the geometric mean fluorescence 
intensity of CD69 upon T cells. In our study group, mean fluorescence intensity 
does not differ between HNSCC patients and healthy donors. Solely 12 months 
after radiotherapy gMFI of CD69 is slightly higher for HNSCC patients. A constant 
elevation of CD69 gMFI after starting radiotherapy might be causal. Similarly to 
the mean percentage of CD69+ T cells, gMFI displays unsignificant lower levels at 
the time of the blood draw 6 months after treatment. Also, mean fluorescence 
intensity shows higher values at the time point of recurrence though differences 
regarding patients without HNSCC recurrence cannot be confirmed. We 
hypothesize that the CD69 gMFI presents with a similar pattern in relation to the 
mean percentage of CD69+ T cells. For future investigations mean percentage of 
CD69 positivity might be more suitable since the changes over time are more 
distinct.  
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The exclusive view of CD69+ T cells might not be the most expedient solution since 
expression of CD69 is intertwined with many regulatory mechanisms of the 
patient’s immune system involved in the activation and presence of T cells. [236] 
For instance, HNSCC patients have been investigated to understand the 
connection between the expression of the early activation marker CD69 upon  
T cells and PD-L1. Results of a study indicate that CD8+ T cells increase the 
expression of CD69 and PD-1 on their surface after T cell receptor activation. When 
exosomes with high content of PD-L1 generated from the patients’ plasma are 
added, T cells down-regulate their expression of CD69. Antibodies targeted at  
PD-1 could prevent the down-regulation of CD69. [236] Regarding T cells in tissues 
of patients suffering from oral squamous cell carcinoma, high expression levels of 
PD-1 can be detected. Also, T cells show strong activation and tumor-infiltrating 
lymphocytes with a low PD-1 expression profile also present with elevated  
CD69 expression. In contrast to the findings within tumor tissue, tumor-draining 
lymph node and peripheral blood samples cannot demonstrate high levels of  
PD-1 and the activation marker CD69. [230]  
Substantive results for the immune checkpoint receptor PD-1 and its ligand PD-L1 
are gained, especially the observations of PD-L1 are remarkable. Whereas for 
CD69 no significant differences between the mean percentage of positive T cells 
or gMFI can be stated, patients experiencing recurrence initially present with a 
significantly higher concentration level of PD-L1 in plasma compared with patients 
without disease progression and healthy controls. In comparison with the  
No Recurrence group, plasma PD-L1 levels of the Recurrence group are 
approximately 10-fold higher. Initial PD-L1 levels do not change significantly over 
time, therefore PD-L1 might predict increased risk for relapse before initiating 
therapy. Another study of 113 patients with locally advanced HNSCC supports 
these findings. [166] Soluble PD-L1 and PD-1 in plasma or serum are scarcely 
investigated for head and neck squamous cell carcinoma and other malignancies. 
In the aforementioned HNSCC study connecting CD69 expression to PD-L1, soluble 
PD-L1 concentration cannot be linked to progression of disease while circulating 
exosomes with high PD-L1 expression correlate with further progression. [236] 
Looking at other malignancies including non-small cell lung cancer, multiple 
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myeloma and myeloid leukemia, higher levels of soluble PD-L1 are found in plasma 
samples of patients suffering from cancer compared with healthy subjects. Also, 
PD-1 concentration is elevated in the patients’ plasma samples. Furthermore, 
concentration of soluble PD-1 and PD-L1 is dependent on the type of tumor. [237] 
Therefore, conclusions for HNSCC based on different malignancies might be 
difficult to draw. Regarding soluble PD-L1, further studies investigating lung 
cancer, thyroid cancer and pancreatic adenocarcinoma state that high PD-L1 
expression has a negative impact on the patients’ outcomes. [238-240] Evaluating 
PD-L1 expression within tumor tissue, some HNSCC studies can also connect high 
PD-L1 levels with negative outcomes. [166, 241, 242] Clinical studies with 
Nivolumab, a PD-1 checkpoint inhibitor, discover improved response rates for  
PD-L1 expressing tumors, though significance cannot be reached presumably due 
to the small number of patients. [243] Another study surveilling patients after 
Nivolumab therapy states improved progression-free survival as well as reduced 
adverse events grade 3/4 in comparison with standard therapy. [244] While 
checkpoint inhibitors targeted at PD-L1 cannot prevent further tumor growth, 
promising results are achieved when used as an adjuvant agent. [206, 245] 
Interestingly, cisplatin at low dosage might be able to increase PD-L1 expression 
on tumor cells in an experiment based on mouse and human HNSCC  
cell lines. [245] Since patients in our clinical study receive cisplatin-based 
chemotherapy, the agent might have an influence on the elevation of PD-L1 in 
peripheral blood. It is uncertain to which extent chemotherapy might influence 
our findings regarding PD-1 and PD-L1.  
When comparing radioresistant and radiosensitive cell lines of HNSCC, PD-L1 
expression is almost increased 3-fold in relation to radiosensitive cell lines. [246] 
A huge study researching PD-L1 can connect elevated levels of PD-1 and PD-L1 
expression to better radiosensitivity. Radioresistant patients with elevated 
expression levels of PD-L1 can be connected to worse prognosis regarding overall 
survival. [247] Further on, patients with higher PD-1 expression can be related to 
improved recurrence-free survival rates when undergoing radiotherapy, 
presumably connected to the finding of increased PD-1 expression for  
HPV-positive HNSCC. [191, 247] Additionally to PD-1, high tumoral levels of PD-L1 
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are frequently detected in HPV-positive HNSCC. [191, 248-250] In contrast, 
patients suffering from pancreatic adenocarcinoma presenting with high soluble 
PD-1 levels have an inferior median overall survival compared with patients 
expressing low soluble PD-1 levels. [239] Applied methods of this study are 
significantly variable and the result might be different for other malignancies than 
HNSCC. In our experiment, we experience difficulties regarding the PD-1 ELISA 
assay. Even though experiments have been repeated to rule out laboratory errors, 
plasma levels of PD-1 of some healthy donors remain questionably high. 
Furthermore, the sample size of healthy subjects is very small leading to intense 
measure of variation. Hence, it is virtually impossible to draw reliable conclusions 
between healthy donors and HNSCC patients. For HNSCC patients the variability 
of PD-1 concentration is less distinct in comparison with healthy donors. 
Nevertheless, results should be interpreted with caution. Concerning patients with 
recurrence, higher average values can be measured in comparison with  
non-recurrent patients. Furthermore, PD-1 expression is significantly elevated for 
patients within the No Recurrence group. For recurrent disease, some patients 
present with elevated PD-1 levels 6 months after radiotherapy though this finding 
cannot be statistically verified presumably due to the smaller sample size 
compared with the No Recurrence group. Three studies state a positive correlation 
between PD-L1 and PD-1 expression. [191, 247, 251] Next to elevated soluble  
PD-L1 levels, patients with pancreatic adenocarcinoma have a worse median 
overall survival when elevated soluble PD-1 levels can be detected. [239] Further 
investigations are necessary to draw conclusions between expression levels of 
soluble PD-1 and PD-L1 in plasma samples. In other HNSCC studies, PD-1 or PD-L1 
expression do not seem to be related to the patients’ overall survival. [249, 252] 
In several cases, higher expression levels of PD-L1 are connected to improved 
outcomes regarding progression-free survival and overall survival, as a matter of 
fact. [191, 209, 248, 251] Two studies though report advanced nodal status or 
higher grade of disease for patients with higher PD-L1 expression levels. [248, 250] 
Lower tumoral PD-L1 levels are found in HPV-negative tissue samples, which might 
lead to the conclusion that PD-L1 expression amounts to an improved prognosis 
for HPV-positive HNSCC. [251] Nevertheless, not all HPV-positive tumors express 
high PD-L1 levels. [248] None of the studies supporting the thesis of beneficial  
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PD-L1 increase investigate soluble PD-L1 levels. Divergent differences between 
used specimens might be the case and function of the immune system in the 
tumor microenvironment is multifactorial.  
PD-L1 concentration in plasma might be a suitable approach of a less invasive 
diagnostical method to stratify HNSCC patients. Further studies are necessary to 
better understand the correlation of immune checkpoint expression patterns in 
different specimens including tumor tissue, healthy tissue as well as serum and 
plasma samples. Concludingly, patients with higher PD-L1 plasma concentrations 
might need a more intense therapeutic approach to improve disease free survival 
as well as overall survival compared with patients with lower PD-L1 levels. It 
should be investigated if plasma levels of PD-L1 correlate with the patient’s HPV 
status. Furthermore, larger cohort studies are necessary to confirm our linkage of 
high PD-L1 expression to disease progression. Patients with initially high PD-L1 
levels might also benefit from adjuvant application of immune checkpoint 
inhibitors. 
In veterinary medicine, radiotherapy is often used in a palliative manner and is 
regarded as a reliable therapeutic approach in veterinary oncology. Treatment 
success is related to tumor size, therefore earlier diagnosis and initiation of 
therapy should be focused in order to improve the patient’s prognosis for  
disease-free survival, progression-free survival and overall survival. [104] Clinical 
response rates for palliative therapy measure up to over 75 percent with a mean 
survival time of 1 year for gingival squamous cell carcinoma. [253] Fewer patient 
owners choose a radical therapeutical approach including irradiation, since the 
procedure is very cost-intensive and patients require anesthesia for each fraction. 
Hence, studies of small animals with malignancies of the head and neck 
undergoing radiation therapy are very rare. Acute and late radiation toxicities are 
also common in dogs, most frequently oral mucositis is a side effect of irradiation 
of the head and neck area. For canines with extended survival times, late side 
effects are a concerned risk factor. [104, 253, 254] Similar to humans, dogs 
experience diminishing lymphocytes upon irradiation though seldomly severe 
lymphopenia occurs. [255, 256] In a study in 1985, three months after total body 
irradiation canine lymphocytes and T cells do not reach numbers within the normal 
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spectrum. [257] Irradiated blood samples of dogs reveal that lymphocytes of 
younger dogs show higher frequencies of T cell apoptosis. Furthermore,  
CD8+ T cells are affected to a greater extent than CD4+ T cells. [258] Interestingly, 
cats seem to be less affected by radiation damage since fibroblasts and 
lymphocytes show more effective DNA and chromosome damage repair 
properties. [259] A study in 1986 with beagles which underwent whole body 
gamma irradiation states, that radiotherapy might enhance NK cell activity at a 
lower dosage whereas their activity is diminished at a higher dosage. [260] In our 
study, NK cell mean percentage rises after irradiation presumably caused by 
irradiation dosage, yet no conclusions can be drawn regarding NK cell activity. In 
conclusion, radiation therapy might compromise the immune system to a certain 
extent and have a negative impact on the patient’s elimination of tumor cells. To 
ameliorate the patient’s immune response within the tumor microenvironment, a 
reduction of radiation dosage should be aspired after assessment of the individual 
risk factor for progression of disease. Therefore, small animals with lower risk of 
recurrence might benefit from de-escalation of radiation dosage as well as 
mankind. 
Immunotherapy is also applied in veterinary medicine, for example mast cell 
tumors are frequently treated with a tyrosine kinase inhibitor. Since squamous cell 
carcinoma in cats can hardly be controlled by radiotherapy alone and is considered 
as resistant to chemotherapy, adjuvant therapeutic options are necessary. Future 
experiments are needed to evaluate possible immunotherapeutic approaches in 
canine and feline oncology. Canine T cells also express several activation markers 
and immune checkpoint molecules including PD-1. [261] Same as for humans, 
functional exhaustion of lymphocytes might lead to high PD-1 expression. [262] 
For instance, elevated PD-1 expression is found on TILs or PBMCs in canine 
patients suffering from oral melanoma or B cell lymphoma. [262, 263] Another 
study could not locate PD-1 expression in all evaluated canine tumor  
cell lines. [264] PD-L1 expression is also detected in several canine tumor cell lines 
and malignant tumor tissues such as oral melanoma, mast cell tumor,  
mammary adenocarcinoma, prostate adenocarcinoma, osteosarcoma, lymphoma 
and hemangiosarcoma. [262, 264, 265] Initial levels of PD-L1 show high variability 
Discussion   133 
 
which can be confirmed by our observations. [265] Stimulation by  
IFN-γ leads to upregulation of PD-L1 expression in almost all cancer cell  
lines. [264, 265] Regarding lymphoma, higher PD-L1 expression is solely seen in  
B cell lymphoma, whereas no PD-1 and PD-L1 expression is observed for T cell 
lymphoma. Interestingly, tumor-infiltrating cells show high PD-1 and PD-L1 
expression for both T cell and B cell lymphoma. Especially cell lines with resistance 
towards chemotherapy are highly elevated whereas contrary to our observations, 
expression levels between untreated and recurrent lymphoma show no 
distinction.  [266] In another lymphoma study, PD-L1 expression levels present 
with a 6-fold increase in lymphoma cells in comparison with ordinary PBMCs and 
other leukemic cells as well as a up to 3.5-fold increase within lymphoma tissue in 
comparison with tissue of healthy lymph nodes. [267] Patients suffering from  
B cell high grade lymphoma have improved overall survival rates when PD-1 levels 
of lymphonodal CD4+ T cells cells hold lower values. [263] Thus, to properly 
identify elevated PD-1 and PD-L1 expression and to draw conclusions as to the 
suspected tumoral behavior, several specimens might need to be evaluated in a 
larger cohort for each malignancy. Furthermore, high PD-1 and PD-L1 expression 
might predict chemotherapy-resistant properties in canine lymphoma. A recent 
study using identical R&D ELISA kits for PD-1 and PD-L1 detection as within our 
experiment, investigates feline patients with mammary carcinoma. Patients 
present with elevated serum levels of PD-1 and PD-L1, whereas PD-L1 expression 
is positively correlated with serum CTLA-4 levels. HER-2 positive feline tumors 
show more extensive increase of PD-1 expression in serum and PD-L1 expression 
upon cancer cells and tumor-infiltrating lymphocytes in comparison with triple 
negative normal-like mammary carcinoma. [268] Due to the positive correlation 
with PD-L1 expression, CTLA-4 levels might have added further insights and value 
to our study. 
Antibodies used for targeting human PD-1 and PD-L1 presumably are not efficient 
in the veterinary practice. A study finds that human antibodies cannot properly 
detect canine PD-1 and PD-L1. Canine PD-1 and PD-L1 antibodies generated with 
a rat hybridoma can effectively block the binding. [269] Another study with canine 
oral melanoma and undifferentiated sarcoma patients is conducted with  
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canine-chimerised anti-PD-L1 antibodies. While the antibody can efficiently 
improve the production of IFN-γ and IL-2 as well as the proliferation of T cells in 
the peripheral blood in vitro, treatment leads to a reduction of IL-2 production. 
Out of 9 dogs, 2 dogs show either a reduction of tumor growth or an enhanced 
survival rate. [270] Similar to mankind, IFN-γ production in dogs is upregulated 
upon PD-1 blockade. Antibodies targeting PD-L1 show less upregulation in 
comparison with antibodies targeting PD-1. [269] In conclusion, treatment with 
antibodies targeting PD-1 might have a larger impact treating canine malignancies 
in relation to anti-PD-L1 treatment. PD-1/PD-L1 checkpoint inhibitors might be a 
useful clinical approach to treat eligible malignant cancer cases in veterinary 
practice. Further studies investigating canine and feline HNSCC are necessary to 
identify the most effective therapeutic antibodies as well as patients who might 
benefit from therapy with immune checkpoint inhibitors.  
Dogs and cats might be used as a model of spontaneous head and neck cancer 
more intensely. The immune system and functions of dogs resemble those of 
mankind in many ways. For instance, numbers of B cells, T cells, neutrophils and 
monocytes in the peripheral blood as well as the CD4+ to CD8+ T cell ratio are very 
similar for dogs and humans. When suffering from cancer, Tregs rise in the 
peripheral blood and tumor-draining lymph nodes of canine patients. Special 
features of the canine immune system include circulating γδ T cells,  
CD4 expression upon neutrophils as well as higher numbers of mast cells at 
mucosal sites. [261] A study comparing peripheral blood mononuclear cells of 
younger and older beagles can detect similar age-related transformation of the 
immune system in comparison with mankind. For example, dogs present with 
elevated cytokine production levels by T cells and diminished proliferation of T cell 
subsets at an older age. [271] By now several reagents can be acquired to evaluate 
canine immune responses to cancerous disease. [261] Though canine and feline 
cancer studies are more costly in comparison with in vitro studies and mouse 
models, investigating head and neck cancer in small animals is a valuable approach 
in translational cancer research and should find room for future clinical studies.  
Based on our findings, in human medicine PD-L1 concentration in plasma might 
function as an early prognostic biomarker to identify patients who are more prone 
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to recurrent disease. These findings may lead to earlier detection of locally 
advanced disease as well as an improved patient risk group stratification in order 
to define a more personalized radiotherapy schedule. Additionally, suitable 
patients for the use of additional PD-1 or PD-L1 checkpoint inhibitors may be 
identified and benefit from more promising therapeutic results. In veterinary 
medicine, adjuvant therapy with immune checkpoint inhibitors may also lead to 
improved progression free survival and overall survival for canine and feline 
HNSCC. Continuous investigation of feline and canine HNSCC may lead to 
additional empirical data in the field of translational research. Further HNSCC 
studies are necessary to confirm soluble PD-L1 as a robust indicator of more 
aggressive tumoral behavior before stratifying patients based on their plasma  
PD-L1 concentration. For instance, measuring PD-L1 simultaneously within 
tumoral tissue as well as peripheral blood plasma and serum might lead to a better 
understanding of PD-L1 expression in the peripheral blood and pave the way to 
finding the most suitable specimen for PD-L1 stratification.  
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5. Summary 
Radiation therapy induced effects on lymphocyte subpopulations and prognostic 
value of CD69, PD-1 and PD-L1 in the peripheral blood of patients with advanced 
HNSCC 
This doctoral thesis is based on the prospective multicentric observational cohort 
study HNprädBio of the Deutsches Konsortium für Translationale Krebsforschung 
(DKTK) with patients suffering from locally advanced head and neck squamous cell 
carcinoma (HNSCC). The thesis covers radiation therapy induced effects on 
lymphocytes and the prognostic value of the early activation marker CD69, 
immune checkpoint PD-1 and its ligand PD-L1. The aim of the study comprises the 
investigation of effects on lymphocyte subsets caused by irradiation and its 
informative value regarding prognosis for recurrent disease as well as the 
prognostic value of early activation marker CD69, PD-1 and PD-L1 on locoregional 
control.  
Patients’ blood samples are gained before initiating chemoradiotherapy, during 
treatment, 3 months, 6 months and 12 months post chemoradiotherapy. Another 
blood sample is taken in case of recurrent disease. Peripheral blood of patients 
and healthy donors is analyzed by multi-color fluorescence activated cell sorting 
(FACS) to measure the amount and density of receptors identifying lymphocyte 
subgroups (NK cells, T cells, NK-like T cells and B cells). Additionally, the expression 
profile and fluorescence intensity of early activation marker CD69 upon NK cells, 
T cells and NK-like T cells is investigated by FACS. To evaluate concentration levels 
of the immune checkpoint PD-1 and its ligand PD-L1, prefabricated enzyme-linked 
immunosorbent assays (ELISA) detecting human PD-1 and human PD-L1 are 
conducted.  
The evaluation of changes within the lymphocyte subsets of HNSCC patients yields 
a significant decrease in T cells and B cells upon radiotherapy. Whereas B cells 
consecutively recover over time to levels below those of healthy donors, T cells do 
not show any signs of recovery within the surveillance period of two years. 
Furthermore, NK cells rise after the beginning of treatment. Comparing HNSCC 
patients with healthy subjects, HNSCC patients initially present with a higher mean 
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percentage of NK cells and a lower mean percentage of B cells. Regarding the 
expression of the early activation marker CD69 upon T cells, mean percentage and 
geometric mean fluorescence intensity (gMFI) start to grow after patients undergo 
radiotherapy. Patients suffering from recurrence reach their highest values of 
mean percentage and gMFI at the time of recurrence. For soluble PD-1, the 
concentration is elevated after irradiation within patients without recurrence 
whereas patients with recurrent disease present with higher average values in 
comparison with the other HNSCC patients. Initial concentration values of soluble 
PD-L1 are approximately ten times higher within patients experiencing recurrence 
and remain unchanged throughout radiotherapy as well as the ensuing 
surveillance period.  
Further HNSCC studies need to be conducted to confirm soluble PD-L1 as a suitable 
biomarker for patient stratification. 
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6. Zusammenfassung 
Strahlentherapieinduzierte Effekte auf Lymphozyten-Subpopulationen und 
prognostischer Wert von CD69, PD-1 und PD-L1 im peripheren Blut von 
Patienten mit fortgeschrittenem Plattenepithelkarzinom im Kopf- und 
Halsbereich 
Diese Doktorarbeit basiert auf der prospektiven multizentrischen 
Beobachtungskohortenstudie HNprädBio des Deutschen Konsortiums für 
Translationale Krebsforschung (DKTK) und untersucht Patienten, die an einem 
lokal fortgeschrittenen Plattenepithelkarzinom des Kopfes und Halses (HNSCC) 
leiden. Die Arbeit beschäftigt sich mit strahlentherapieinduzierten Effekten auf 
Lymphozyten und dem prognostischen Wert des Immun-Checkpoints PD-1 und 
dessen Liganden PD-L1. Das Ziel der Studie umfasst die Untersuchung von 
bestrahlungsbedingten Effekten auf Untergruppen von Lymphozyten und deren 
Aussagekraft hinsichtlich der Prognose für eine rezidivierende Erkrankung sowie 
den prognostischen Wert der frühen Aktivierungsmarker CD69, PD-1 und PD-L1 in 
Bezug auf die lokoregionäre Kontrolle.  
Die Blutproben der Patienten werden vor Beginn der Chemoradiotherapie, 
während der Behandlung, 3 Monate, 6 Monate und 12 Monate nach der 
Chemoradiotherapie gewonnen. Eine weitere Blutprobe wird im Falle einer 
rezidivierenden Erkrankung entnommen. Das periphere Blut von Patienten und 
gesunden Spendern wird mittels mehrfarbiger fluoreszenzaktivierter 
Zellsortierung (FACS) analysiert, um die Menge und Dichte von Rezeptoren zu 
messen, die entsprechende Lymphozyten-Untergruppen (NK-Zellen, T-Zellen,  
NK-ähnliche T-Zellen und B-Zellen) identifizieren. Zusätzlich werden das 
Expressionsprofil und die Fluoreszenzintensität des frühen Aktivierungsmarkers 
CD69 auf NK-Zellen, T-Zellen und NK-ähnlichen T-Zellen mittels FACS untersucht. 
Um die Konzentrationswerte des Immun-Checkpoints PD-1 und seines Liganden 
PD-L1 zu ermitteln, werden vorgefertigte Enzyme-linked Immunosorbent Assays 
(ELISA) zum Nachweis von humanem PD-1 und humanem PD-L1 durchgeführt.  
Die Auswertung der Veränderungen innerhalb der Lymphozyten-Untergruppen 
von HNSCC-Patienten ergibt eine signifikante Abnahme der T-Zellen und B-Zellen 
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nach Strahlentherapie. Während sich die B-Zellen im Laufe der Zeit konsekutiv auf 
ein Niveau unterhalb des Niveaus von gesunden Spendern erholen, zeigen die  
T-Zellen innerhalb des Überwachungszeitraums von zwei Jahren keine Anzeichen 
einer Erholung. Außerdem steigen die NK-Zellen nach Beginn der Behandlung an. 
Vergleicht man HNSCC-Patienten mit gesunden Probanden, weisen  
HNSCC-Patienten zunächst einen höheren Prozentsatz an NK-Zellen und einen 
niedrigeren Prozentsatz an B-Zellen auf. Der mittlere Prozentsatz der Expression 
und die geometrische mittlere Fluoreszenzintensität (gMFI) des frühen 
Aktivierungsmarkers CD69 steigen nach der Strahlentherapie auf T-Zellen an. 
Patienten, die an einem Rezidiv leiden, erreichen zum Zeitpunkt des Rezidivs die 
höchsten prozentualen Werte und Fluoreszenzintensitäten. Die Konzentration von 
löslichem PD-1 ist nach Bestrahlung bei Patienten ohne Rezidiv erhöht, während 
Patienten mit rezidivierender Erkrankung im Vergleich zu anderen HNSCC-
Patienten höhere Durchschnittswerte aufweisen. Die Ausgangswerte von 
löslichem PD-L1 sind bei Patienten mit einem Rezidiv etwa zehnmal höher und 
bleiben während der Strahlentherapie und der anschließenden 
Überwachungsphase unverändert.  
Weitere HNSCC-Studien müssen durchgeführt werden, um lösliches PD-L1 als 
geeigneten Biomarker für die Patientenstratifikation zu bestätigen. 
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